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°® Nucleic acid probes for detection and/or quantitation of non-viral organisms. 
CM 

r> 

N© A method for preparing probes, as well as several probes for use in qualitative or quantitative hybridization 
O assays are disclosed. The method comprises constructing an oligonucleotide that is sufficiently complementary 
-to hybridize to a region of rRNA selected to be unique to a non-viral organism or group of non-viral organisms 
Qjsought to be detected, said region of rRNA being selected by comparing one or more variable region rRNA 
sequences of said non-viral organism or group of non-viral organisms with one or more variable region rRNA 
sequences from one or more non-viral organisms sought to be distinguished. Hybridization assay probes for 
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Mycobacterium avjum , Mycobacterium intracellulare, the Mycobacterium tuberculosis- complex bacteria. 
Mycoplasma pneumoniae. Legionella, Salmonella. Chlamydia trachomatis, Campylobacter , Proteus mlrabilis . 
Enterococcus . Enterobacter cloacae, E. col[ , Pseudomonas group i. Neisseria gonorrhoeae , bacteria, and fungi 
also are disclosed. 
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Mycobacterium avium , M ycobacterium intracellulars, the Mycobacterium tuberculosis- complex bacteria. 
Mycoplasma pneumoniae, Legionella. Salmonella , Chlamydia trachomatis, Campylobacter , Proteus mirabilis . 
Enterococcus . Enterobacter cloacae , E. coll , Pseudomonas group [, Neisseria gonorrhoeae , bacteria, and fungi 
also are disclosed. 
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NUCLEIC ACID PROSES FOR DETECTION AND/OR QUANTITATION OF NON-VIRAL ORGANISMS 



BACKGROUND OF THE INVENTION 
1. Field of the invention 

s 

The inventions described and claimed herein relate to probes and assays based on the use of genetic 
material such as RNA. More particularly, the inventions relate to the design and construction of nucleic acid 
probes and hybridization of such probes to genetic material of target non-viral organisms in assays for 
* detection and/or quantitation thereof in test samples of, e.g., sputum, urine, blood and tissue sections, food, 

iq soil and water. 



2. Introduction 



15 Two single strands of nucleic acid, comprised of nucleotides, may associate ("hybridize 1 *) to form a 
double helical structure in which the two polynucleotide chains running in opposite directions are held 
together by hydrogen bonds (a weak form of chemical bond} between pairs of matched, centrally located 
compounds known as "bases." Generally, in the double helical structure of nucleic adds, for example, the 
base adenine (A) is hydrogen bonded to the base thymine (T) or uracil (U) while the base guanine (G) is 

20 hydrogen bonded to the base cytosine (C). At any point along the chain, therefore, one may find the base 
pairs AT or AU, TA or UA. GC, or CG. One may also find AG and GU base pairs in addition to the 
traditional ("canonical") base pairs. Assuming that a first single strand of nucleic acid is sufficiently 
complementary to a second and that the two are brought together under conditions which will promote their 
hybridization, double stranded nucleic acid will result. Under appropriate conditions, DNA/ONA, RNA/DNA, 

25 or RNA RNA hybrids may be formed. 

Broadly, there are two basic nucleic acid hybridization procedures. In one, known as "in solution" 
hybridization, both a "probe" nudeic acid sequence and nucleic acid molecules from a test sample are free 
in solution. In the other method, the sample nucleic acid is usually immobilized on a solid support and the 
probe sequence is free in solution. 

30 A probe may be a single strand nucleic acid sequence which is complementary in some particular 
degree to the nucleic add sequences sought to be detected ("target sequences"). It may also be labelled. 
A background description of the use of nudeic add hybridization as a procedure for the detection of 
particular nucleic acid sequences is described in U.S. Application Serial No. 456,720, entitled "Method for 
Detection, Identification and Quantitation of Non-Viral Organisms," filed January 10. 1983 (Kohne I). and 

35 U.S. Application Serial No. 655.365, entitled "Method For Detecting. Identifying and Quantitatlng Organisms 
and Viruses," filed September 4, 1984 (Kohne II). both of which are incorporated by reference, together with 
ail other applications dted herein. 

Also described In those applications are methods for determining the presence of RNA-containlng 
organisms in a sample which might contain such organisms, comprising the steps of bringing together any 

40 nucleic acids from a sample and a probe comprising nudeic add molecules which are shorter than the 
rRNA subunit sequence from which it was derived and which are sufficiently complementary to hybridize to 
the rRNA of one or more non-viral organisms or groups of non-viraJ organisms, incubating the mixture under 
specified hybridization conditions, and assaying the resulting mixture for hybridization of the probe and any 
test sample rRNA. The invention is described to include using a probe which detects only rRNA subunit 

45 subsequences which are the same or sufficiently similar in particular organisms or groups or organisms and 
is said Id detect the presence or absence of any one or more of those particular organisms in a sample, 
even In the presence of many non-related organisms. 

We have discovered and describe herein a novel method and means for designing and constructing 
DNA probes for use in detecting unique rRNA sequences in an assay for the detection and/or quantitation of 

so any group of non-viral organisms. Some of the inventive probes herein maybe used to detect and/or 
quantify a single species or strain of non-viral organism and others may be used to detect and/or quantify 
members of an entire genus or desired phytogenetic grouping. 
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SUMMARY OF THE INVENTION 

In a method of probe preparation and use, a single strand deoxyoligonucleotide of particular sequence 
and defined length is used in a hybridization assay to determine the presence or amount of rRNA from 

5 particular target non-viral organisms to distinguish them from their known closest phyiogenetic neighbors. 
Probe sequences which are specific, respectively, for 16S rRNA variable subsequences of 
Mycobacteria mavium , Mycobacterium intracellulars and the Mycobacterium tuberculosis- complex bacteria, 
and which do not cross react with nucleic acids from each other, or any other bacterial species or 
respiratory infectious agent, are described and claimed.. A probe specific to a 23S rRNA variable region 

w subsequence from the Mycobacterium tuberculosis- complex bacteria is also described and claimed, as are 
rRNA variable region probes useful in hybridization assays for tte genus Mycobacterium (23 s rRNA 
specific). Mycoplasma penumoniae (5S and 16S rRNA-specific), Chlamydia trachomatis (16S and 23S rRNA 
specific), Enterobacter cloacae (23S rRNA specific). Escherichia cofi (16S rRNA specific), Legionella (16S 
and 23S rRNA specific), Salmonella (16S and 23S rRNA specific), Enterococci (16S rRNA specific). 

is Neisseria gonorrhoeae (16s rRNA specific), Campylobacter <16S rRNA specific). Proteus mirabilis (23S 
rRNA specific), Pseudomonas (23S rRNA specific), fungi (18S and 28S rRNA specific), and bacteria (18S 
and 23S rRNA specific). 

In one embodiment of the assay method, a test sample is first subjected to conditions which release 
rRNA from any non-viral organisms present in that sample. rRNA is single stranded and therefore available 

20 for hybridization with sufficiently complementary genetic material once so released. Contact between a 
probe, which can be labelled, and the rRNA target may be carried out in solution under conditions which 
promote hybridization between the two strands. The reaction mixture is then assayed for the presence of 
hybridized probe. Numerous advantages of the present method for the detection of non-vlral organisms 
over prior art techniques, including accuracy, simplicity, economy and speed will appear more fully from the 

25 detailed description which follows. 



BRIEF DESCRIPTION OF THE DRAWING 

30 Figure 1 is a chart of the primary structure of bacterial 16S rRNA for Escherichia coti , depicting 

standard reference numbers for base pairs. 

Figure 2 Is a chart of the primary structure of bacterial 23S rRNA for Escherichia coli , depicting 
standard reference numbers for base pairs. 

Figure 3 is a chart of the primary structure of bacterial 5S rRNA for Escherichia coll, depicting 
35 standard reference numbers for base pairs. 

Figure 4 is a chart of the primary structure for the 18S rRNA for Saccharomyces cerevisrae , depicting 
standard reference numbers for base pairs. 

Figure 5 is a chart of the primary structure for the 28$ rRNA for Saccharomyces cerevlsiae. depicting 
standard reference numbers for base pairs. 
40 Figure 6 is a diagram showing the locations in the 16S rRNA (using £ cofl reference numbers) which 

differ bertween 12 different sets of related organisms. In Example 1. for example, 89.7 refers to the 
difference in 16S rRNA between Clostridium botuliniumg and Clostridium subterminale . 

Figure 7 is a diagram showing the locations in the first 1500 bases of 23S rRNA (using Ecoli 
refere n c e numbers ) which differ between 12 different sets of related organisms . 
46 Fifiure 8 is a diagram showing the locations in the terminal bases of 23S rRNA (using Exofi reference 

numbers) which differ between 12 different sets of related organisms. 

Figure 8 is a schematic representation of the location of probes capable of hybridizing to the 16S 

rRNA. 

Figure 10 is a schematic representation of the location of probes capable of hybridizing to the first 
so 1500 bases of the 23S rRNA. 

Figured 1 Is a schematic representation of the location of probes capable of hybridizing to the 
terminal bases of 23S rRNA. 



55 DETAILED DESCRIPTION OF THE INVENTION 
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Definitions 

The following terms, as used in this disclosure and claims, are defined as: 

5 

nucleotide : 

a subunit of a nucleic acid consisting of a phosphate group, a 6' carbon sugar and a nitrogen containing 
base. In RNA the 5' carbon sugar is ribose. fn DNA. it is a 2-deoxyrlbose. The term also includes analogs of 
10 such subumts. 

nucleotide polymer : 
15 at least two nucleotides linked by phosphodiester bonds. 



oligonucleotide : 

20 a nucleotide polymer generally about 10 to about 100 nucleotides in length, but which may be greater 
than 100 nucleotides in length. 



nucleic acid probe : 

36 

a single stranded nucleic acid sequence that will combine with a complementary single stranded target 
nucleic acid sequence to form a double-stranded molecule (hybrid). A nucleic acid probe may be an 
oligonucleotide or a nucleotide polymer. 

30 

hybrid : 

the complex formed between two single stranded nucleic acid sequences by Watson-Crick base 
pairings or non-canonical base pairings between the complementary bases. 

35 

hybridization: 

the process by which two complementary strands of nucleic acids combine to form double stranded 
40 molecules (hybrids). 



complementarity : 

45 a property conferred by the base sequence of a single strand of DNA or RNA which may form a hybrid 
or double stranded ONA:ONA 1 RNA:RNA or DNA:RNA through hydrogen bonding between Watson-Crick 
base pairs on the respective strands. Adenine (A) usually complements thymine (T) or Uracil (U). while 
guanine (G) usually complements cytosine (C). 



stringency: 

term used to describe the temperature and solvent composition existing during hybridization and the 
subsequent processing steps. Under high stringency conditions only highly homologous nucleic acid 
55 hybrids will form; hybrids without a sufficient degree of complementarity will not form. Accordingly, the 
stringency of the assay conditions determine the amount of complementarity needed between two nucleic 
acid strands forming a hybrid. Stringency is chosen to maximize the difference in stability between the 
target and the nontarget. 
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75 



20 



probe specificity 

characteristic of a probe which describes its ability to distinguish between target and nontarget 
sequences. Dependent on sequence and assay conditions. Probe specificity may be absolute (i.e., probe 
able to distinguish between target organisms and any nontarget organisms), or it may be functional (i.e.. 
probe able to distinguish between the target organism and any other organism normally present in a 
particular sample). Many probe sequences can be used for either broad or narrow specificity depending on 
the conditions of use. 



variable region: 

nucleotide polymer which differs by at least one base between* the target organism and nontarget * 
organisms contained in a sample. 

H 

conserved region: 

a region which is not variable. 

sequence divergence: 

process by which nucleotide polymers become less similar during evolution. 

sequence convergence: 

process by which nucleotide poiymers become more similar during evolution . 



30 



bacteria: 

members of th e phytogenetfc group eubacterfa. which is considered one of the three primary kingdoms. 



Tm: 

temperature at which 50% of the probe is converted from the hybridized to the unhybridlzed form. 

40 

thermal stability: 

a condition of hybridization incubation or separation incubation in which stable probertarget hybrids will 
45 farm and in which no probe:non target hybrids can form by virtue of their instability. Temperature at which 
50% of the probeterget hybrids are converted to the single stranded form. Factors which affect the thermal 
stability can affect probe specificity and therefore, must be controlled. Whether a probe sequence is useful 
to detect only a specific type of organism depends largely on the thermal stability difference between 
probe.-terget hybrids rP:T") and probe:nontarget hybrids ("PiNT"). In designing probes the Tm P:T minus 
so the Tm P:NT should be as large as possible. 

In addition to a novel method for selecting probe sequences, we have discovered that it Is possible to 
create a DNA probe complementary to a particular rRNA sequence obtained from a single target 
microorganism and to successfully use that probe in a non-cross reacting assay for the detection of that 
single microorganism, even in the presence of its known, most closely related taxonomic or phytogenetic 
55 neighbors. With the exception of viruses, all prokaryotic organisms contain rRNA molecules including 5S 
rRNA, 16S rRNA. and a larger rRNA molecule known as 23S rRNA. Eukaryotes are known to have 5.0S, 
5.8S. 18S and 28S rflNA molecules or analogous structures. (The term "16S like" sometimes is used to 
refer to the rRNA found in the smail ribosomai subunft, including 18S and 17S rRNA. Likewise the term 



6 



0 272 009 



"23S like" rRNA sometimes is used to refer to the rRNA found in the large ribosomal subunit W 5S like" 
rRNA sometimes is used to refer to rRNA found in the large ribosomal subunit 5.8S rRNA Is equivalent to 
the 5* end of the 238 like rRNA.) These rRNA molecules contain nucleotide sequences which are highly 
conserved among all organisms thus far examined. There are known methods which allow a significant 

s portion of these rRNA sequences to be determined. For example, complementary oligonucleotide primers of 
about 20-30 bases in length can be hybridized to universally conserved regions in purified rRNA that are 
specific to the 5S. 16S. or 23S subunlts and extended with the enzyme reverse transcriptase. Chemical 
degradation or dideoxynudeotide-terminated sequencing reactions can be used to determine the nucleotide 
sequence of the extended product Lane, DJ, et aL, Proc. Nafl Acad. Sci. USA 82, 8955-6959 (1985). 

io In our invention, comparison of one or more sequenced rRNA variable regions from a target organism 
to one or more rRNA variable region sequences from a closely related bacterial species is utilized to select 
a sequence unique to the rRNA of the target organism. rRNA is preferable to DNA as a probe target 
because of its relative abundance and stability in the cell and because of its patterns of phylogenetic 
conservation. 

is Notwithstanding the highly conserved nature of rRNA. we have discovered that a number of regions of 
the rRNA molecule which can vary In sequence, can vary even between closely related species and can, 
therefore, be utilized to distinguish between such organisms. Differences In the rRNA molecule are not 
distributed randomly across the entire molecule, but rather are clustered into specific regions. The degree 
of conservation also varies, creating a unique pattern of conservation across the ribosomal RNA subunits. 

20 The degree of variation and the distribution thereof, can be analyzed to locate target sites for diagnostic 
probes. This method of probe selection may be used to select more than one sequence which is unique to 
the rRNA of a target organism. 

We have identified variable regions by comparative analysis of rRNA sequences both published in the 
literature and sequences which we have determined ourselves using procedures known in the art. We use a 

25 Sun NBcrosystems (TM) computer for comparative analysis. The compiler is capable of manipulating many 
sequences of data at the same time. Computers of this type and computer programs which may be used or 
adapted for the purposes herein disclosed are commercially available. 

Generally, only a few regions are useful for distinguishing between closely related species of a 
phylogenetically conserved genus, for example, the region 400-500 bases from the 5' end of the 16S rRNA 

30 molecule. An analysis of closely related organisms (Figures 6. 7 and 8) reveals the specific positions 
(variable regions) which vary between closely related organisms. These variable regions of rRNA molecules 
are the likely candidates for probe design. 

Figures 5, 8 and 7 display the variations m 16S and 23S rRNA's between two different bacteria with 
decreasing amounts of similarity between them. Closer analysis of these firures reveals some subtle 

35 patterns between these closely related organisms. In all cases studied, we have seen sufficient variation 
between the target organism and the closest phylogenetic relative found in the same sample to design the 
probe of interest. Moreover, in ail cases studied to date, the per cent similarity between the target organism 
(or organisms) and the closest phylogenetically related organisms found in the same sample has been 
between 90% and 99%. Interestingly, there was enough variation even between the rRNA's of Neisserias 

40 gonorrhoeae and meningitidis (See Example 21) to design probes ; despite the fact that DNA;DNA 
homology studies suggested these two species might actually be one and the same. 

These figures also show that the differences are distributed across the entire 18S and 23S rRNA's. 
Many of the differences, nonetheless, cluster into a few regions. These locations in the rRNA are good 
candidates for probe design, with our current assay conditions. We also note that the locations of these 

4s increased variation densities usually are situated in the same regions of the 16S and 23S rRNA for 
comparable per cent similarity values. In this manner, we have observed that certain regions of the 18S and 
23S rRNA are the most likely sites in which significant variation exists between the target organism and the 
closest phylogenetic relatives found in a sample. We have disclosed and claimed species specific probes 
which hybridize in these regions of significant variation between the target organism and the closest 

so phylogenetic relative found in a sample. 

Figures 9, 10 and 11 are a schematic representation of the location of probes disclosed and claimed 
herein. Because 16S and 238 RNAs do not, as a rule, contain sequences of duplication longer than about 
six nucleotides in length, probes designed by these methods are specific to one or a few positions on the 
target nucleic acid. 

55 The sequence evolution at each of the variable regions (for example, spanning a minimum of 10 
nucleotides) is, for the most part divergent, not convergent. Thus, we can confidently design probes based 
on a few rRNA sequences which differ between the target organism and its phylogenetically closest 
relatives. Biological and structural constraints on me rRNA molecule which maintain homologous primary, 
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secondary and tertiary structure throughout evolution, and the application of such constraints to probe 
diagnostics is the subject of ongoing study. The greater the evolutionary distance between organisms, the 
greater the number of variable regions which may be used to distinguish the organisms. 

Once the variable regions are identified, the sequences are aligned to reveal areas of maximum 

5 homology or "match". At this point the sequences are examined to Identify potential probe regions. Two 
important objectives in designing a probe are to maximize homology to the target sequence(s) (greater than 
90% homology Is recommended) and to minimize homology to non-target sequence^} (less than 90% non- 
homoiogy to nontargets is recommended). We have identified the following useful guidelines for designing 
probes with desired characteristics. 

w First, probes should be positioned so as to minimize the stability of the probs:nontarget nucleic acid 
hybrid. This may be accomplished by minimizing the length of perfect complementarity to non-target 
organisms, avoicflng G and C rich regions of homology to non-target sequences, and by positioning the 
probe to span as many destabailzing mismatches as possible (for example, dQ:rU base pairs are less 
destabaiizing than some others). 

ts Second, the stability of the probe: target nucleic add hybrid should be mazimlzed. This may be 
accomplished by avoiding long A and T rich sequences, by terminating the hybrids with G:C base pairs and 
by designing the probe with an appropriate Tm. The beginning aid end points of the probe should be 
chosen so that the length and %G and %C result in a TM about 2-lO°C higher than the temperature at 
which the final assay will be performed. The Importance and effect of various assay conditions will be 

20 explained further herein. ThW r regions of the rRNA which are known to form strong structures inhibitory to 
hybridization are less preferred. Finally, probes with extensive self-complementarity should be avoided. 

In some cases, there may be several sequences from a particular region which will yield probes with 
the desired hybridization characteristics. In other cases, one sequence may be significantly better than 
another which differs merely by a single base. 

25 The following chart indicates how, for one embodiment of the invention useful in the detection of a 
nucleic add in the presence of doseiy related nucleic add sequences, unique sequences can be selected. 
In tills example. rRNA sequences have been determined for organisms A-E and their sequences, repre- 
sented numerically, are aligned as shown. It is seen that sequence 1 is common to all organisms A-E. 
Sequences 2-6 are found only in organisms A, B and C, while sequences 8, 9 and 10 are unique to 

oo organism A. Therefore, a probe complementary to sequences 8. 8 or 10 would specifically hybridize to 
organism A. 



Illustrative Pattern of Sequence 
Relationships Among Related Bacteria 

organism rFNft gequgnfift 



40 



A 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


B 


- 1 


2 


3 


4 


5 


6 


7 


11 


12 


13 


C 


1 


2 


3 


4 


5 


6 


14 


15 


16 


17 


D 


1 


18 


19 


20 


21 


22 


23 


24 


25 


26 


E 


1 


18 


19 


20 


21 


27 


28 


29 


30 


31 



in cases where the patterns of variation of a macromolecule are known, for example, rRNA. one can 
focus on specific regions as likely candidates for probe design. However, It is not always necessary to 
determine the entire nucleic acid sequence in order to obtain a probe sequence. Extension from any single 
oligonucleotide primer can yield up to 300-400 bases of sequence. When a single primer is used to partially 

so sequence the rRNA of the target organism and organisms closely related to the target an alignment can be 
made as outlined above. Plainly, if a useful probe sequence Is found, it is not necessary to continue rRNA 
sequencing using other primers. If, on the other hand! no useful probe sequence Is obtained from 
sequencing with a first primer, or If higher sensitivity is desired, other primers can be used to obtain more 
sequences, in those cases where patterns of variation for a molecule are not wefl understood, more 

55 sequence data may be required prior to probe design. 

Thus, in Examples 1-3 below, two 16S-derived primers were used. The first primer did not yield probe 
sequences which met the criteria fisted herein. The second primer yielded probe sequences which were 
determined to be useful following characterization and testing for specificity as described. In Example 4. six 
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23S primers were used prior to locating the probe sequence set forth. 

Once a presumptive unique sequence has been identified, a complementary DNA oligonucleotide is 
synthesized. This single stranded oligonucleotide will serve as the probe In the DNArflNA assay hybridiza- 
tion reaction. Defined oligonucleotides may be synthesized by any of several well known methods, including 

5 automated solid-phase chemical synthesis using cyanoethylphosphoramidite precursors. Barone. A.D. et at, 
Nucleic Acids Research 12, 4051-4080 (1984). In this method, deoxyoligohucleotides are synthesized on 
solid polymer supports. Release of the oligonucleotide from the support is accomplished by treatment with 
ammonium hydroxide at 60 6 C for 16 hours. The solution is dried and the crude product is dissolved In 
water and separated on polyacrylamide gels which generally may vary from 10-20% depending upon the 

io length of the fragment The major band, which is visualized by ultraviolet back lighting, is cut from the gel 
with a razor blade and extracted with 0.1M ammonium acetate, pH 7,0, at room temperature for 8-12 hours. 
Following centrifugation, the supernatant is filtered through a 0.4 micron filter and desalted on a P-10 
column (Pharmacia). Other well known methods for construction of synthetic oligonuceiotides may, of 
course, be employed. 

;5 Current DNA synthesizers can produce large amounts of synthetic DNA. After synthesis, the size of the 
newiy made DNA is examined by gel filtration and molecules of varying size are generally detected. Some 
of these molecules represent abortive synthesis events which occur during the synthesis process. As part of 
post-synthesis purification, the synthetic DNA is usually size fractionated and only those molecules which 
are the proper length are kept Thus, it is possible to obtain a population of synthetic DNA molecules of 

20 uniform size. 

It has been generally assumed, however, that synthetic DNA is inherently composed of a uniform 
population of molecules all of the same size and base sequence, and that the hybridization characteristics 
of every molecule in the preparation should be the same. In reality, preparations of synthetic DNA 
molecules are hetrogeneous and are composed of significant numbers of molecules which, although the 

25 same size, are in some way different from each other and have different hybridization characteristics. Even 
different preparations of the same sequence can sometimes have (Afferent hybridization characteristics. 

Accordingly, preparations of the same synthetic probe sequence can have different hybridization 
characteristics. Because of this the specificity of probe molecules from different preparations can be 
different. The hybritization characteristics of each preparation should be examined in order to determine 

30 the hybridization conditions which must be used in order to obtain the desired probe specificity. For 
example, the synthetic probe described in Example 4 below has the specificity profile described in Table 
14. This data was obtained by using the hybridization and assay conditions described. A separate 
preparation of this probe which has different hybridization characteristics may not have precisely the same 
specificity profile when assayed under the conditions presented in Example 4. Such probe preparations 

3S have been made. To obtain the desired specificity, these probes can be hybridized and assayed under 
different conditions, including salt concentration and/or temperature. The actual conditions under which the 
probe is to be used must be determined, or matched to extant requirements, for each batch of probe since 
the art of DNA synthesis is somewhat imperfect 

Following synthesis and purification of a particular oligonucleotide sequence, several procedures may 

40 be utilized to determine the acceptability of the final product The first is polyacrylamide gel electrophrosis, 
which is used to determine size. The oligonucleotide is labelled using, for example, ^P-ATP and T* 
polynucleotide kinase. The labelled probe is precipitated in ethanol. centrifuged and the dried pellet 
resuspended in loading buffer (80% formamide, 20 mM NaOH. 1 mM EDTA, 0.1% Bromophenol blue and 
0.1% xylene cyanol). The samples are heated for five minutes at 90'C and loaded onto a denaturing 

45 polyacrylamide gel. Electrophoresis is carried out in TBE buffer (0.1 M Tris HCI pH 8.3, 0.08 M boric acid. 
0.002 M EDTA) for 1-2 hours at 1.000 volts. Following electrophoresis of the oligonucleotide the gel is 
exposed to X-ray film. The size of the oligonucleotide is men computed from the migration of 
oligonucleotide standards run concurrently. 

The sequence of the synthetic oligonucleotide may also be checked by labelling it at the 5' end with 

so 32p-ATP and Ti polynucleotide kinase, subjecting it to standard chemical degradation techniques, Maxam, 
A.M. and Gilbert, W„ Proc. Nat/I. Acad. Sci. USA 74, 5BO-564 (1980), and analyzing the products on 
polyacrylamide gels. Preferably, the nucleotide sequence of the probe is perfectly complementary to the 
previously identified unique rRNA sequence, although it need not be. 

The melting profile, including the melting temperature <Tm) of the oligonucleotide/ rRNA hybrids should 

55 also be determined. One way to determine Tm is to hybridize a &P-labeJled oligonucleotide to its 
complementary target nucleic acid at 50°C in 0.1 M phosphate buffer, pH 8.8. The hybridization mixture is 
diluted and passed over a 2cm hydroxyapatite column at 50°C. The column is washed with 0.1 M 
phosphate buffer, 0.02% SDS to elute all unhybridized, single-stranded probes. The column temperature is 
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23$ primers were used prior to locating the probe sequence set forth. 

Once a presumptive unique sequence has been identified, a complementary ONA oligonucleotide is 
synthesized. This single stranded oligonucleotide will serve as the probe In the DNA/rRNA assay hybridiza- 
tion reaction. Defined oligonucleotides may be synthesized by any of several well known methods. Including 

5 automated solid-phase chemical synthesis using cyanoethylphosphoramidite precursors. Barons, A.D. et aL, 
Nucleic Acids Research 12, 4051-4060 (1984). In this method, deoxyoligonucleotides are synthesized on 
solid <poiymer supports. Release of the oligonucleotide from the support is accomplished by treatment with 
ammonium hydroxide at 60 ft C for 16 hours. The solution is dried and the crude product is dissolved in 
water and separated on polyacrylamide gels which generally may vary from 10*20% depending upon the 

to length of the fragment The major band, which is visualized by ultraviolet back lighting, is cut from the gel 
with a razor blade and extracted with 0.1 M ammonium acetate. pH 7.0, at room temperature for 8-12 hours. 
Following centrifugation, the supernatant is filtered through a 0.4 micron filter and desalted on a P-10 
column (Pharmacia). Other well known methods for construction of synthetic oligonucelotides may, of 
course, be employed. 

75 Current DNA synthesizers can produce large amounts of synthetic DNA. After synthesis, the size of the 
newly made DNA is examined by gel filtration and molecules of varying size are generally detected. Some 
of these molecules represent abortive synthesis events which occur during the synthesis process. As part of 
post-synthesis purification, the synthetic DNA is usually size fractionated and only those molecules which 
are the proper length are kept Thus, it is possible to obtain a population of synthetic DNA molecules of 

20 uniform size. 

It has been generally assumed, however, that synthetic DNA is inherently composed of a uniform 
population of molecules all of the same size and base sequence, and that the hybridization characteristics 
of every molecule in the preparation should be the same. In reality, preparations of synthetic DNA 
molecules are hetrogeneous and are composed of significant numbers of molecules which, although the 

25 same size, are In some way different from each other and have different hybridization characteristics. Even 
different preparations of the same sequence can sometimes have different hybridization characteristics. 

Accordingly, preparations of the same synthetic probe sequence can have different hybridization 
characteristics. Because of this the specificity of probe molecules from different preparations can be 
different. The hybridization characteristics of each preparation should be examined in order to determine 

oo the hybridization conditions which must be used in order to obtain the desired probe specificity. For 
example, the synthetic probe described in Example 4 below has the specificity profile described in Table 
14. This data was obtained by using the hybridization and assay conditions described. A separate 
preparation of this probe which has different hybridization characteristics may not have precisely the same 
specificity profile when assayed under the conditions presented in Example 4. Such probe preparations 

35 have been made. To obtain the desired specificity, these probes can be hybridized and assayed under 
different conditions, including salt concentration and/or temperature. The actual conditions under which the 
probe is to be used must be determined, or matched to extant requirements, for each batch of probe since 
the art of DNA synthesis is somewhat imperfect 

Following synthesis and purification of a particular oligonucleotide sequence, several procedures may 

40 be utilized to determine the acceptability of the final product The first is polyacrylamide gel electrophrosis, 
which is used to determine size. The oligonucleotide is labelled using, for example, «P-ATP and Ti 
polynucleotide kinase. The labelled probe is precipitated in ethanol. centrifuged and the dried pellet 
resuspended in loading buffer (80% formamide, 20 mM NaOH, 1 mM EDTA, 0.1% Bromophenoi blue and 
0.1% xylene cyanoi). The samples are heated for five minutes at 80" C and loaded onto a denaturing 

45 polyacrylamide gel. Electrophoresis is carried out in TBE buffer (0.1 M Tris HCI pH 8.3. 0.08 M boric acid, 
0.002 M EDTA) for 1-2 hours at 1.000 volts. Following electrophoresis of the oligonucleotide the gel is 
exposed to X-ray film. The size of the oligonucleotide is then computed from the migration of 
oligonucleotide standards run concurrently. 

The sequence of the synthetic oligonucleotide may also be checked by labelling it at the 5' end with 

so ^P-ATP and Tt polynucleotide kinase, subjecting it to standard chemical degradation techniques, Maxam, 
A.M. and Gilbert. W.. Proc. Natt. Acad. Sci. USA 74. 580-564 (1980), and analyzing the products on 
polyacrylamide gels. Preferably, the nucleotide sequence of the probe is perfectly complementary to the 
previously identified unique rflNA sequence, although it need not be. 

The melting profile, including the melting temperature {Tm) of the oligonucleotide/ rRNA hybrids should 

55 also be determined. One way to determine Tm is to hybridize a ^-labelled oligonucleotide to its 
complementary target nucleic acid at 50 fl C in 0.1 M phosphate buffer, pH 8.8. The hybridization mixture is 
diluted and passed over a 2cm hydroxyapatite column at 50°C> The column is washed with 0.1 M 
phosphate buffer, 0.02% SOS to elute all unhybridized, single-stranded probes. The column temperature is 
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then dropped 15°C and increased in 5°C increments until all of the probe is single-stranded- At each 
temperature, unhybridized probe is eiuted and the counts per minute (cpm) in each fraction determined. 
The number of cpm shown to be bound to the hydroxyapatite divided by the total cpm added to the column 
equals the percent hybridization of the probe to the target nucleic add. 

5 An alternate method for determining thermal stability of a hybrid is outlined below. An aliquot of hybrid 
nucleic acid Is diluted into 1 ml of either 0.12M phosphate buffer, Q.2% SCS, 1mM EDTA, imM EQTA or an 
appropriate hybridization buffer. Heat this 1 ml of solution to 45 degrees C for 5 minutes and place it into a 
room temperature water bath to cool for 5 minutes. Assay tills 1 ml of hybrid containing solution over a 
hydroxyapatite column, capturing the hybrid and washing away unbound probe. If a hybridization solution 

io other than the 0.12M phosphate buffer is used, then a dilution of the hybridization solution into the 0.1 2M 
phosphate buffer cocktail will be necessary for binding. Keep taking aliquots of preformed hybrid and 
diluting into 1 ml of hybridization solution or into the standard 0.1 2M phosphate buffer solution described 
above while raising the heating temperature 5 degrees C at a time. Continue this until all of the hybrid is 
dissociated. The point where one half of the hybrid is converted to the dissociated form is considered the 

is Tm. The Tm for a given hybrid will vary depending on the hybridization solution being used because the 
thermal stability depends upon the concentration of different salts, detergents, and other solutes which 
effect relative hybrid stability under thermal denaturation conditions. 

Because the extent and specificity of hybridization reactions such as those described herein are 
affected by a number of factors, manipulation of one or more of those factors will determine the exact 

ao sensitivity and specificity of a particular probe, whether perfectly complementary to its target or not For 
example, the base composition of the probe may be significant because G-C base pairs exhibit greater 
thermal stability as compared to A-T base pairs due to additional hydrogen bonding. Thus, hybridization 
involving complementary nucleic acids of higher G-C content will be stable at higher temperatures. 

We have cfiscovered that the length of the target nucleic acid sequence and, accordingly, the length of 

25 the probe sequence can also be important While it is possible for nudeic acids that are not perfectly 
complementary to hybridize, the longest stretch of perfectly homologous base sequence will normally 
primarily determine hybrid stability. While oligonucleotide probes of different lengths and base composition 
may be used, oligonucleotide probes preferred in this invention are between about 15 and about 50 bases 
In length and are at least about 75-100% homologous to the target nucleic acid. For most applications 95- 

30 100% homology to the target nucleic acid is preferred. 

Ionic strength and incubation temperature should also be taken into account in constructing a probe. It 
is known that the rate of hybrfcfeation win increase as Ionic strength of the reaction mixture increases and 
that the thermal stability of hybrids will Increase with increasing ionic strength. In general, optimal 
hybridization for synthetic oligonucleotide probes of about 15-50 bases In length occurs approximately 5°C 

as below the melting temperature for a given duplex. Incubation at temperatures below the optimum may allow 
mismatched base sequences to hybridize and can therefore result in reduced specificity. 

As to nudeic add concentration, it is known that the rate of hybridization is proportional to the 
concentration of the two interacting nucleic acid species. Thus, the presence of compounds such as dextran 
and dextran sulphate are thought to increase the local concentration of nucleic add species and thereby 

40 result in an increased rate of hybricOzation. Other agents which will result in increased rates of hybridization 
are spedfied in U.S. Application Serial No. 827,795, entitled "Accelerated Nucleic Acid ReassoclafJon 
Method", filed July 5. 1984. Corrtlnuatlon-ln-Part thereof. Serial No. {net yet assigned), filed June 4, 1987, 
and U.S. Application Serial No. 816,711, entitled "Accelerated Nudeic Acid Reassociation Method", filed 
January 7, 1986. both of which are incorporated by reference. On the other hand, chemical reagents which 

4S disrupt hydrogen bonds such as formamide, urea, DMSO. and alcohols will increase the stringency of 
hybridization. 

Selected oligonucleotide probes may be labelled by any of several well known methods. Useful labels 
Include radioisotopes as well as non-radioactive reporting groups. Isotoplc labels include ^H, 3B S, az P, 
Cobalt and ,4 C. Most methods of Isotoplc labelling involve the use of enzymes and indude the known 

so methods of nick translation, end labelling, second strand synthesis, and reverse transcription. When using 
radio-labelled probes, hybridization can be detected by autoradiography, sdntillation counting, or gamma 
counting. The detection method selected will depend upon the hybridization conditions and the particular 
radioisotope used for labelling. 

Non-isotopic materials can also be used for labelling, and may be introduced by the incorporation of 

56 modified nucleotides through the use of enzymes or by chemical modification of the probe, for example, by 
the use of norvnudeotide tinker groups. Non-lsotopic labels indude fluorescent molecules, chemilumines- 
cent molecules, enzymes, cofactor* enzyme substrates, haptens or other llgands. We currently prefer to 
use aeridinium esters. 
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In one embodiment of the DNA/rRNA hybridization assay invention, a labelled probe and bacterial target 
nucleic acids are reacted in solution. rRNA may be released from bacterial cells by the sonic disruption 
method described in Murphy, KA et al., U.S. Application Serial No. 841,860, entitled "Method for Releasing 
RNA and DMA From Cells", filed March 20, 1988, which is incorporated herein by reference. Other known 
5 methods for disrupting cells include the use of enzymes, osmotic shock, chemical treatment and vortexing 
with glass beads. Following or concurrent with the release of rRNA, labelled probe may be added in the 
presence of accelerating agents and incubated at the optimal hybridization temperature for a period of time 
necessary to achieve significant reaction. Following this incubation period, hydroxyapatite may be added to 
the reaction mixture to separate the probe/rRNA hybrids from the non-hybrldized probe molecules. The 
io hydroxyapatite pellet is washed, recentrifuged and hybrids detected by means according to the label used. 

Twenty-one embodiments Illustrative of the claimed Inventions are set forth below, in which a synthetic 
probe or probes complementary to a unique rRNA sequence from a target organism, or group or organisms 
is determined, constructed and used in a hybridization assay. 

15 

DESCRIPTION OF PARTICULAR EMBODIMENTS 

Mycobacterium are acid-fast alcohol fast aerobic, non-mobile bacilli. Their lipid content is high and 
their growth slow. Mycobacterium avium and Mycobacterium intracellulars are together referred to as M. 

20 avium-intracollulare because they ore so difficult to differentiate. Recently, the M. avium complex, which 
includes M. intracellular , was shown to be the second most commonly isolated, clinically significant 
Mycobacterium. Good, R,C. et al., J. Infect. Pis. 148, 829-833 (1882). More recent evidence indicates that 
these organisms are a common cause of opportunistic infection in patients with AIDS (acquired immune 
deficiency syndrome). Gill, V.J, et al., J. Girt Mlcroblo . 22, 543-546 (1885). Treatment of such infections in 

25 AIDS patients is difficult because these organisms are resistant to most antituberculosis drugs. Often a 
combination of five drugs are used in therapy. The severity of these infections also requires rapid diagnosis 
which, prior to the invention herein, was not available. 

Members of the Mycobacterium tuberuiosis complex (Mtb) include Mycobacterium tuberculosis , 
Mycobacterium bovis , Mycobacterium africanum and Mycobacterium microti. The first three are pathogenic 

30 for humans while the last is an animal pathogen. These organisms produce slowly developing granulomas 
on the skin or they may invade internal organs. Tuberculosis of the lungs can be disseminated to other 
parts of the body by the circulatory system, the lymph system, or the intestinal tract Despite advances in 
public health and the advent of effective chemotherapy, Mycobacterial disease, tuberculosis in particular, 
continues to represent a major world-wide health problem. 

35 The classical method for detecting bacteria in a test sample involves cuHuring of the sample in order to 
expand the number of bacterial cells present into observable colony growths which can be identified and 
enumerated. If desired, the cultures can also be subjected to additional testing in order to determine 
antimicrobial susceptibility. Currently, the most widely used procedures for the detection, isolation and 
identification of Mycobacterium species are the acid-fast bacilli (AFB) smear (using either the Ziehl-Neelsen 

40 or fluorochrome techniques), culture methods using Lowenstein-Jensen media and Middlebrook media, and 
biochemical tests. The AFB relies on the high lipid content of Mycobacterium to retain dye after exposure to 
acid-alcohol. While the AFB smear test Is relatively rapid and simple to perform it does not always detect 
Mycobacteria and will not differentiate between Mycobacterium avium and non-tuberculosis species, 
between Mycobacterium intracellulars and non-tuberculosis species, or between Mycobacterium 

45 tuberculosis-complex bacilli and non-tubercuiosis species. For accurate identification of the infecting 
Mycobacterial species the clinician must rely on culture results which can require anywhere from 3 to 8 
weeks of growth followed by extensive biochemical testing. Other tests have been developed based on the 
detection of metabolic products from Mycobacterium using carbon- 14 labelled substrates In particular, the 
Bactec (TM) instrument can detect the presence of Mycobacterium within 8 to 10 days of the time of 

so innoculation. Gill, V.J.. supra . However, the test does not distinguish Mycobacterium species. It is often 
important to make this determination so that particular drugs to which the organism is susceptible may be 
prescribed. For traditional culture methods, this requires an additional 2 to 3 weeks and for the Bactec 
method, an additional 8 to 10 days. 

in addition, specific embodiments for Mycoplasma pneumoniae , the Mycobacterium , Ueglonella . Salmo- 

55 ne * ia ' Chlamydia trachomatis . Campylobacter. Proteus mlrabilts , Enterococcus , Enterobacter cloacae . E. 
coli . Pseudomonas Group I. bacteria, fungi and Neisseria gonorrhoeae are set forth in the following 
examples. 
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As indicated by the below examples, the present invention has significant advantages over each of 
these prior art methods not only in the enhanced accuracy, specificity and simplicity of the test but also in 
greatly reducing the time to achieve a diagnosis. Tlie invention makes possible a definitive diagnosis and 
initiation ot effective treatment on the same day as testing, 

5 

Example 1 

Described below is the preparation of a single strand deoxyoligonucieotide of unique sequence and 

/o defined length which is labelled and used as a probe In a solution hybridization assay to detect the 
presence of rRNA from Mycobacterium avium . This unique sequence is specific for the rflNA of Mycobac- 
terium avium and does not significantly cross-react under the hybridization conditions of this Example, with 
nucleic acids from any other bacterial species or respiratory infectious agent including the closely-related 
Mycobacterium intraceUulare. This probe is able to distinguish the two species, notwithstanding an 

75 approximate 98% rRNA approximate homology between the two species. In this Example, as well as in 
Examples 2 and 3, sequences for M. avium. M. tuberculosis complex, M. intraceUulare and related 
organisms were obtained by using a specific primer to a highly conserved region in the 16S rRNA. The 
sequence of this primer, dorbred from E. ttfi rRNA, was 5'-GGC CGT TAC CCC ACC TAC TAG CTA AT* 1 . 
5 nanograms of primer was mixed with 1 microgram of each rRNA to be sequenced in the presence of 

20 0.1 M KCI and 20mM Tris-HCI pH 8.3 in a final volume of 10 microliters. The reactions were heated 10 min. 
at 45°C and then placed on ice. 2.5 microGters of dATP and 0.5 microliters of reverse transcriptase 
were added. The sample was aiiquoted into 4 tubes, each tube containing either dideoxy A, G, T, or C. The 
concentrations of these nucleotides are set forth in Lane # aL, supra The samples were incubated at 40 d C 
for 30 minutes, and were then precipitated In ethanol, centrifuged and the pellets lypholized dry. Pellets 

25 were resuspertded in 10 microliters formamide dyes (100% formamide, 0.1% bromphenoi blue and 0.1% 
xylene cyanoi). and loaded onto 80 cm 8% polyacrylamide gels. The geis were run at 2000 vote for 2-4 
hours. 

Thus, nucleotide sequences for the 18S rRNA of Mycobacterium avium and what were considered to be 
its closest phylogenetic neighbors t Mycobacterium intraceUulare and Mycobacterium tuberculosis , were 

30 determined by the method of Lane, O.J. et al.. Proc. Nat Acad. Sci. USA 82:6955 (1985). in addition to 
determining the rRNA sequences for the organisms noted above, a spectrum of clinically significant 
Mycobacterium were also sequenced. TJiese included M. fortuitum, M. scrofulaceum and M. chelonae. 
Selected members of several genera closely related to Mycobacterium were also sequenced, including 
Rhodococcus bronchlatis, Corynebacterium xerosis and Norcardla asteroides . 

35 Partial rRNA sequences from the above organisms were aligned for maximum nucleotide homology, 
using commercially available software from Intelligenetics, Inc., 1975 0 Camino Real West, Mountain View, 
California 94040-2216 (IFINO Program), From this alignment, regions of sequence unique to Mycobacterium 
avium were determined. The probe was selected so that it was perfectly complementary to a target nucieic 
acidsequence and so that it had a 10% or greater mismatch with the aligned rRNA from its known closest 

40 phylogenetic neighbor. A sequence 38 bases in length was chosen. The number of mismatched bases 
relative to the Mycobacterium avium sequence were as follows: Mycobacterium tuberculosis (8); Mycobac- 
terium IntraceUulare (5); Mycobacterium scrofutaceum (6): Mycobacterium chelonae (12); and Mycobac- 
terium fbrtuitum (10). 

The fallowing cDNA sequence was characterized by the criteria of length, Tm, and sequence analysis 
4S as described at pages 7-8 above and was determined to be specific for the rRNA Mycobacterium a v i um : 
ACCGCAAAAGCTTTCCACCAGAAGACATGCGTCTTGAG. 
This sequence is complementary to a unique segment found in the 16S rRNA of Mycobacterium avium. 
The size of the probe Is 38 bases. The probe has a Tm of 74"C and sequence analysis by the method of 
Maxam & Gilbert (1980), supra, confirmed that the probe was correctly synthesized. The probe is capable 
so of hybridizing to rRNA of M. avium in the region corresponding to bases 185-225 of E . coR 16S rRNA. 

To demonstrate the reactivity of this sequence for Mycobacterium avium , it was tested as a probe in 
hybridization reactions under the following conditions. ^P-endHabeled oligonucleotide probes were mixed 
with 1 microgram (7*10 « moles) of purified rRNA from Mycobacterium avium and reacted In 0.12 M PB 
hybridization buffer (equimolar amounts of Nd2HPO< and NaHzPO), 1 mM EDTA and 0,02% SDS (sodium 
55 dodecyl sulfate) at 6S°C for 60 minutes in a final volume of 50 microliters. In separate tubes the probe was 
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mixed with the hybridization buffer both with and without target present Following separation on hydrox- 
yapatite as outlined in the patent applications identified at page 2. supra the hybrids were quantitated by 
scintillation counting. These results are presented in Table 1, showing that the probe has a high extent of 
reaction to homologous target and very little non-specific binding to the hydroxyapatite. 



TABLE 1 

HYBRIDIZATION 07 THE M. AVIUM PROBE 
" TO HOMOLOGOUS TARGET r&NA* 

pitta rRNA alnaa ibwa 

2f. avium probe 85-95% 0.5% 

15 * %Hybridization - gam bound to hvdroxvapatita 

total cpm added to reaction 



20 Specificity of the probe for M. avium was tested by mixing the *P labeled probe with rRNA released 
from cells of 29 other species of" mycobacteria by the sonic disruption techniques described in Murphy et 
al. v U.S. Application Serial No. 841,880. 1*10* cells were suspended in 0.1 ml 5% SDS and sonicated for 
10 minutes at 50-60'C. 1.0 ml of hybridization buffer (45% sodium diisobutyi sulfosucclnate, 40 mM 
phosphate buffer pH 6.8 and 1 mM EDTA) was added and the mixture incubated for 60 minutes at 72°C. 

25 Following incubation. 4.0 ml of hydroxyapatite solution (0.1 4M sodium phosphate buffer. pH 6.8, 0.02% SDS 
and 1.0 gram hydroxyapatite par 50 mis solution) was added and incubated for 5 minutes at 72° C. The 
sample was centrifuged and the supernatant removed. 4.0 mi wash solution (0.14 M sodium phosphate pH 
6.8) was added and sample was vortexed, centrifuged and the supernatant removed. The radioactivity 
bound to the hydroxyapatite was determined by scintillation counting. The results are shown in Table 2 and 

30 indicate that the probe is specific for Mycobacterium avium and does not react with any other mycobac- 
teria! species, including Mycobacterium intracellular . 
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TABLE 2 



HYBRIDIZATION OF THE M. AVIUM PROBE TO MYCOBACTERIAL SPECIES 



Mycobacterium africanum 

M. asiaticum 

M. avium 

M. bovis 

M. bovis (BCG) 

M. cHelonae 

M. flavescens 

M. fortuitun 

M. gastri 

Km gordonaa 

M. haemophilum 

M. intracallulare 

M. kansasii 

M. Balmoense 

M. marinum 

M. nonchrcmogenicum 

M. phlei 

M. scrofulaceum 

M. shimoidei 

M. simiae 

M» sm&gna'tis 

M. ezulgai 

M. terra* 

M. thermoresistibile 
M. triviale 

M. tuberculosis (avirulent) 
M. tuberculosis (virulent) 
Km ulcerans 
M. vaccae 
H- xenopi 



ATCCi 


* Probe Be 


25420 


1.0 


25276 


1.2 


25291 


87.6 


192X0 


1.2 


19015 


1.0 


14472 


0.9 


14474 


0.9 


6841 


1.0 


15754 


1.2 


14470 


1.2 


29548 


1.3 


13950 


1.5 


12478 


1.2 


29571 


1.2 


827 


1.2 


1930 


1.1 


11758 


1.3 


19981 


1.2 


27962 


2.3 


25275 


1.2 


el4468 


1.0 


23069 


1.0 


15755 


1.2 


19527 


1.3 


23292 


1.2 


25177 


1.4 


27294 


1.1 


19423 


1.4 


15483 


1.2 


19971 


1.5 



As shown in Table 3 the probe also did not react with the rRNA from any of the respiratory pathogens 
which were also tested by the method just described. Nor did the probe react with any other closely related 
or phylogenetfcaJty more diverse species of bacteria also tested by that method (Table 4). 
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TABLE 3 



HYBRIDIZATION OF H. AVIUM PROBE TO 
RESPIRATORY PATHOGENS 



Organism, 


ATCC* 


% Erote Baund 


Corynebacterium xerosis 


373 


0.7 


Fusobactariua nucleatum 


25586 


1.3 


Haemophilum influenzae 
Klebsiella pneumoniae 


19418 


1.3 


23357 


1.8 


Legionella pneumophila 


33152 


0.0 


Mycoplasma pneumoniae 


15531 


3.0 


Neisseria meningitidis 


13090 


0.0 


Pseudomonas aeruginosa 


25330 


0.0 


Propionibacterium acnes 


6919 


1.1 


Streptococcus pneumoniae 


6306 


0.0 


Staphylococcus aureus 


25923 


1.5 



TABLE 4 

HYBRIDIZATION OF THE M. AVIUM PRO BE TO A PHYLOGEHETIC 
CROSS SECTION OF BACTERIAL SPECIES 



Oroanism ATCC* ft EEfifefl BfiUBfl 

AcinetobacTter calcoaceticus 33604 . 0.0 

Branhamella catarrahalis 25238 0.6 

Bacillus aubtilis 6051 0.9 

Bacteroides fragilis 23745 1.0 

Campylobacter jejuni 33560 0.4 

Chromobacterium Violaceum 29094 1.7 

Clostridium perfringens 13124 2.1 

Deinococcus radiodurans 35073 0.8 

Derxia gummosa 15994 0.3 

Enterobacter aerogenes 13048 0.6 

Escherichia coli 11775 0.3 

Mycobacterium gordonae 14470 1.9 

Mycoplasma hominis 14027 3.3 

Proteus mirabilis 29906 0.0 

Psudomonas cepacia 11762 1.0 

Rahnella aguatilis 33071 2.1 

Rhodospirillum rubrum 11170 0.6 

Streptococcus mitis 9811 0.9 

Vibrio parahaemolyticus 17802 1.2 

Yersinia enterocolitica 9610 0.4 



Example 2 

After the alignment described in Example 1, the following sequence was characterized by the 
aforementioned criteria of length, Tm and sequence analysis and was determined to be specific for 
Mycobacterium intracellular : 

ACCGCAAAAGCTTTCCACCTAAAGACATQCQCCTAAAG 
The sequence is complementary to a unique segment found in the 16S rRNA of Mycobacterium 
intracellular The size of the probe was 38 bases. The probe has a Tm of 75°C and sequence analysis 
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TABLE 3 



HYBRIDIZATION OF M. AVIUM PROBE TO 
RESPIRATORY PATHOGENS 



Organism 


ATCC* 


3LJ>rtfre Bound 


Corynebactarium xerosis 


373 


0.7 


Fusobactarium nucleatum 


25586 


1.3 


Haemophilum influenzae 


19418 


1.3 


Klebsiella pneumoniae 


23357 


1.8 


Legionella pneumophila 


33152 


0.0 


Mycoplasma pneumoniae 


15531 


3.0 


Neisseria meningitidis 


13090 


0.0 


Pseudomonas aeruginosa 


25330 


0.0 


Propionibacterium acnes 


6919 


1.1 


streptococcus pneumoniae 


6306 


0.0 


Staphylococcus aureus 


25923 


1.5 



TABLE 4 

23 

HYBRIDIZATION OF THE H. AVIUM PROBE TO A PHYLOGENETIC 
CROSS SECTION OF BACTERIAL SPECIES 



gEganifia AXCCi t Ecafefl Bsaatf 

30 Acinetobacter calcoaceticus 33604 . 0.0 

Branhamella catarrahalis 25238 0.6 

Bacillus subtilis 6051 0.9 

Bacteroides fragilis 23745 1.0 

Campylobacter jejuni 33560 0.4 

35 Ghromobacterium Violaceum 29094 1.7 

Clostridium perfringens 13124 2.1 

Deinoooccus radiodurans 35073 0.8 

Derxia gummosa 15994 0.3 

Enterobacter aerogenes 13048 0.6 

Escherichia coli 11775 0.3 

40 Mycobacterium gordonae 14470 1.9 

Mycoplasma hominis 14027 3.3 

Proteus mirabilis 29906 0.0 

Psudomonas cepacia 11762 1.0 

Rahnella aquatilis 33071 2.1 

45 Rhodospirillum rubrum 11170 0.6 

Streptococcus mitis 9811 0.9 

vibrio parahemolyticus 17802 1.2 

Yersinia enterooolitica 9610 0.4 



Example 2 

After the alignment described in Example 1, the following sequence was characterized by the 
aforementioned criteria of length. Tm and sequence analysis and was determined to be specific for 
Mycobacterium intracellular : 

ACCGCAAAAQCTTTCCACCTAMGACATQCGCCTAAAG 
The sequence is complementary to a unique segment found in the 16S rRNA of Mycobacterium 
intracellulars. The size of the probe was 38 bases. The probe has a Tm of 75°C and sequence analysis 
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confirmed that the probe was correctly synthesized. TTie probe hybridizes to RNA of M. Intracellulare in the 
region corresponding to bases 185-225 of E. cofi 18S rRNA, 

To demonstrate the reactivity of this~sequence for the Mycobacterium intracellulars, the probe was 
tested in hybridization reactions under the following conditions, ^-end-labelled oligonucleotide probe was 

s mixed with 1 microgram (7* 10 * 3 moles) of purified rRNA from Mycobacterium Intracellulars and reacted 
in 0.12 M PB (equimolar amounts of Na*HP0 4 and NaH^PO*). 1 mM EDTA and 02% SDS (sodium dodecyl 
sulfate) at 65°C for 60 minutes in a final volume of 50 microliters. In separate tubes the probe was mixed 
with the hybridization buffer with and without target Mycobacterium intracellulare rRNA present Following 
separation on hydroxyapafite as outlined previously the hybrids were quantitated by scintillation counting. 

jo These results are shown In Table 5. 



TABLE 5 

'& HYBRIDIZATION OF THE M. INTRACELLOLARE PROBE 

TO HOMOLOGOUS TARGET rRNAy 

plua *RNA aims 

20 H. in^eAllalare probe 85-95% 0.5% 

* % Hybridization - «m bound to hvdroxvapatit* 

total cpm added to reaction 



These data shows that the probe has a high extent of reaction to Its homologous target and very little 
non-specific binding to the hydroxyapatite. 

Specificity of the Mycobacterium intracellulare probe was tested by mixing the &P labelled probe with 
rRNA released from cells from 29 other species of mycobacteria by sonic disruption techniques described 
30 in Murphy et ai. US. Patent Application No. 841.880. All hybricfization assays were carried out as described 
in Example 1. Table 8 indicated that the probe is specific for Mycobacterium intracellulare and does not 
react with any other mycobacterial species, includng Mycobacterium avium. These results are impressive 
in view of the 98% rRNA homology to M. avium ; 88% homology to M. kansasti; 98% homology to M. 
asiaticum; and 97% homology to M. tuberculosis . 



40 



TABLE 6 

45 HYBRIDIZATION OF THE M. INTRACELLULARE PROBE 

TO MYCOBACTERIAL SPECIES 

Organism AXCG2 * ggQto g°^ d 

Mycobacterium africanum 25420 0.9 

50 M. asiaticum 25276 1-1 

M. avium 25291 1*3 

M. bovis 19210 1.1 



55 
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M. 


bovis (BCG) 


19015 


1.2 


M. 


chelonae 


14472 


1.0 


M. 


favescens 


14474 


1.2 


M. 


fortuitum 


6841 


1.3 


M. 


gastri 


15754 


1.3 


M. 


gordonae 


14470 


1.3 


M- 


haemophilua 


29548 


0.9 


M. 


intracellulara 


13950 


78.8 


M. 


kansasii 


12479 


1.1 


M. 


Malmoense 


29571 


1.0 


M. 


marinum 


827 


0.9 


M. 


nonchromogenicum 


1930 


1.0 


K. 


phlei 


11758 


1.1 


M. 


scrofulaceum 


19981 


1.0 


M. 


shlmoidei 


27962 


1.3 


M. 


simiae 


25275 


1.1 


M. 


smegmatis 


al4468 


1.3 


M. 


saulgai 


23069 


1.0 


M- 
n» 


terras 


15755 


1.4 


M. 


thermor as 1st ibile 


19527 


1.6 


M. 


triviala 


23292 


1.3 


M. 


tuberculosis (avirulent) 


25177 


1.2 


M. 


tuberculosis (virulent) 


27294 


1.2 


M. 


ulcerans 


19423 


1.1 


M. 


vacoae 


15483 


1.0 


M. 


xenopi 


19971 


1.2 



As shown in Table 7 the probe did not react with the rRNA from any of the respiratory pathogens tested 
in the hybridization assay. Nor did the probe react with any other closely related or phylogenetically more 
diverse species of bacteria that were tested (Table 8). 



3S 



TABLE 7 



40 



45 



50 



HYBRIDIZATION 07 THE M. INTRACELLULARS PROBE 
TO RESPIRATORY PATHOGENS 



Corynebactarium xerosis 
Fusobactarium nucleatum 
Haemophilus Influenzae 
Klebsiella pneumoniae 
Legionella pneumophila 
Mycoplasma pneumoniae 
Neisseria meningitidis 
Pseudomonas aeruginosa 
Propionibacterium acnes 
Streptococcus pneumoniae 
Staphylococcus aureus 



ATCCi 

373 
25586 
19418 
23357 
33152 
15531 
13090 
25330 
6919 
6306 
25923 



I Probe aoand 

2.2 
1.5 
1.3 
1.2 
1.2 
3.2 
1.1 
1.0 
2.9 
1.6 
1.3 



55 
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TABLE 8 



HYBRIDIZATION OF THE M. INTRACELUJIARE PROBE 
TO A FHYL06ENETIC CROSS SECTION OF BACTERIAL SPECIES 



10 



15 



20 



25 



Organic 

Acinetbbacter oalooacetlcas 
Branhamella catarrhalls 
Bacillus subtllls 
Bacteroides fragilis 
Campylobacter jejuni 
Chromobacteriun Violaceum 
Clostridium perfringens 
Deinococous radiodurans 
Derxia gummosa 
Enterobacter aerogenes 
Escherichia coll 
Mycobacterium gordonae 
Mycoplasma hominis 
Proteus mirabilis 
Pseudomonas cepacia 
Rahnella aquatilis 
Rhodo spirillum rubrum 
Strptoooocus mitis 
Vibrio parahemolyticus 
Yersinia entarocolitica 



ATTC# 


* Probe 


33604 


1.5 


25238 


1.8 


6051 


1.7 


23745 


1.9 


33560 


1.9 


29094 


1.4 


13124 


2.1 


35073 


2.1 


15994 


1.6 


13048 


1.3 


11775 


1.2 


14470 


2.3 


14027 


2.6 


29906 


1.2 


11762 


1*7 


33071 


1*5 


11170 


1.4 


9811 


1.4 


17802 


2.5 


9610 


1.1 



30 



35 



40 



50 



55 



Example 3 

After the alignment described in Example 1, the following sequence was characterized by the 
aforementioned three criteria of size, sequence and Tm. and was determined to be specific to the Mtb 
complex of organisms, Mycobacterium tuberculosis. Mycobacterium , africanum . Mycobacterium bovls . and 
Mycobacterium microti: 

1. TAAAGCGCTTTCCACCACAAGACATQCATCCCQTQ. 
The sequence is complementary to a unique segment found in the 16S rRNA of the Mtb-complex bacteria. 
The size of the probe is 35 bases. The probe has a Tm of 72° C and sequence analysis confirmed that the 
probe was correctly synthesized. It is capable of hybridizing in the region corresponding to bases 185-225 
of E.wli 16SrRNA. 

~To demonstrate the reactivity of this sequence for the Mtb complex the probe was tested in 
hybridization reactions under the following conditions. ^-encHabelted oligonucleotide probe was mixed 
with 1 microgram (7 X 10 19 moles) of purified rRNA from Mycobacterium tuberculosis and reacted in 0.12 M 
PB hybridization buffer (equimolar amounts of NaaHPO*. and NahfePa), 1 mM EDTA and 0.2 SOS {sodium 
dodecyl sulfate) at 65°C for 60 minutes in a finaJ volume of 50 microliters, in separate tubes the probe was 
mixed with the hybridization buffer with and without target rRNA from Mycobacterium tuberculosis present. 
Following separation on hydroxyapatite as outlined previously the hybrids were quantitatad by scintillation 
counting. The results are shown in Table 0. 
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TABLE 9 



5 HYBRIDIZATION OF Mtb-COHPLEX 168 rRNA DMA PROBE 

TO HOMOLOGOUS TARGET rRHAy 

plug cBHft ainag eBKA 

, 0 Mtb complex probe 85-95% 0.5* 

* % Hybridization - SEffl fafflnfl fcfl hYflrQXY«N*titfl 

total cpm added to reaction 



15 This data shows that the probe has a high extent of reaction to homologous target and very little non- 
specific binding to the hydroxyapatite. 

Specificity of the probe for the Mtb complex was tested by mixing the *P labelled probe with rRNA 
released from cells of the 4 Mtb complex bacilli and of 25 other mycobacterial species by sonic disruption 
techniques described in Murphy et aL, U-S. Patent Application No. 841,880. All hybridization assays were 

20 carried out as described in Example 1. Table 10 indicates that the probe is specific for organisms within the 
Mtb complex aid does not react with any other mycobacterial species. 



TABLE 10 

HYBRIDIZATION OF Mtb-COHPLEX 16S rRNA DNA PROBE 
TO MYCOBACTERIAL SPECIES 

aaaanAm AZfifii I ftrofct Bound 



Mycobacterium af ricanum 


25420 


68.1 


M. asiaticmn 


25276 


3.4 


M. avium 


25291 


0.9 


M. bovis 


19210 


63.1 


M. cbelonae 


14472 


1.1 


H. t lavescens 


14474 


0.9 


M. fortuitum 


6841 


1.1 


M. gastri 


15754 


0.8 


M. gordonae 


14470 


1.1 


M. baemophilum 


29548 


0.8 


M. intracellulars 


13950 


1.1 


Mi kansasii 


12479 


1.3 


M. aalmoense 


29571 


0.9 


M. marinum 


827 


1.1 


K. nonohrotmogenicum 


1930 


1.1 


M« pHlei 


11758 


1.3 


M. scrofulaceua 


19981 


1.1 


M. shimoidei 


27962 


1.0 


M. simiae 


25275 


1.2 


M. smegmatis 


S14468 


0.9 


M. szulgai 


23069 


1.1 


M. terrae 


15755 


1.0 


M« thermoresistibile 


19527 


1.0 


M. trivial© 


23292 


1.2 


M. tuberculosis (avirulent) 


25177 


66.2 


M. tuberculosis (virulent) 


27294 


62.4 


H. alcerans 


19423 


0.9 


M. vaccae 


15483 


0.8 


M. xenopi 


19971 


2.6 
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As shown In Table 11 the probe did not react with the rflNA from any of the respiratory pathogens 
tested in the hybridization assay. Nor did the probe react with any other closely related or phylogenetically 
more diverse species of bacteria that were tested (Table 12). 



TABLE 11 



HYBRIDIZATION OF Mtb-COMPLEX 16S rRNA DNA PROBE 
TO RESPIRATORY PATHOGENS 



Corynebacteriian xerosis 
Fusobacterium nucleating 
Haemophilus influenzae 
Klebsiella pneumoniae 
Legionella pneumophila 
Mycoplasma pneumoniae 
Neisseria meningitidis 
Pseudomonas aeruginosa 
Propionibacterium acnes 
streptococcus pneumoniae 



373 
25586 
19418 
23357 
33152 
15531 
13090 
25330 
6919 
25923 



prqfcS BWnd 

1.3 
1.0 
1.6 
1.2 
1.4 
1.1 
1.0 
1.7 
1.2 
0.9 



TABLE 12 

HYBRIDIZATION OP THE Mtb-COMPLEX 16S rENA DNA PROBE 
TO A PHYLOGENETIC CROSS SECTION OP BACTERIAL SPECIES 

Organism ATCCl ft PTOb* 



Acinetobaoter calcoaceticas 
Branhamella catarrhalis 
Bacillus subtilis 
Bacteroides fragllis 
Campylobacter jejuni 
Chromobacterium violaceum 
Clostridium perfringens 
Deinococous radiodurans 
Derxia gummosa 
Bnterobacter aerogenes 
Escherichia coli 
Mycobacterium gordonae 
Mycoplasma hominis 
Proteus mirabilis 
Pseudomonas cepacia 
Rahnella aqoatilis 
Rhodospirillum rubrum 
Streptococcus mitis 
Vibrio parahaemolyticus 
Yersinia enterocolitica 



33604 


1.3 


2523S 


1.5 


6051 


1.3 


23745 


1.3 


33560 


1.1 


29094 


1.0 


13124 


1.2 


35073 


1.0 


15994 


1.0 


13048 


1.0 


11775 


1.0 


14470 


1.3 


14027 


0.5 


29906 


1.0 


11762 


2.6 


33071 


1.9 


11170 


1.0 


9811 


1.1 


17802 


0.9 


9610 


1.1 



Two derivatives of the probe of Example 3 (numbered 2-3 below) were made and tested: 

2. CCQCTAAAGCQCTTTCCACCACAAGACATQCATCCCQ 

3. ACACCGCTAAAQCGCTTTCCACCACAAQACATQCATC. 

Alt three probes have similar Tms (72'; 73.5°; and 72.3*. respectively) and similar hybridization characteris- 
tics. 

Hybridization to Mycobacterium tuberculosis complex organisms was 68-75% and non-specific hy- 
bridization to hydroxyapatite was less than 2%. Results of hybridization assay tests for these derivatives 
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follow. 



TABLE 13 

HYBRIDIZATION OF PROBE OF EX AMPLES 3 AND 2 
DERIVATIVES THEREOF 
TO MYCOBACTERIAL SPECIES 

Example 







ft Prnho 1 


ft PrafaA 2 


ft Probfi ' 


n 1 










XI jf W ODaCW4 X UBI 


£A 1 
OO • X 




f u • o 


A41 AV%IIW Ml 










n m as » »mn 


25274 


3.4 


5.3 


1-8 






n q 


X . o 


x • ^» 




1 Q21Q 


OJ ■ x 


75 3 


7A 




1 4472 
x*t* / • 


Xa X 


X. 9 


X • O 


Vim llaVVOwBUa 




V ■ 7 


a . r 


1 A 


^QirfcuA turn 


6841 


1*1 


3.6 


1.5 




15754 


OS 


3.6 


1*7 




14470 


1-1 


1 6 


1.4 




2Q548 


0 8 


3 2 
j • • 


1 7 
x . / 






X* X 


1 6 

X ■ v 


1 4 


M. kansasii 


12478 


1.3 


2.1 * 


2.0 


M. malmoense 


29571 


0.9 


2.8 


1.5 


M. marinum 


827 


1.1 


2.1 


1.5 


M. nonchromogenicum 


1930 


1.1 


3.0 


1.5 


M. phlei 


11758 


1.3 


1.3 


1.1 


M. scrofulaceum 


19981 


1.1 


3.4 


1.6 


M. Bhimoidei 


27962 


1.0 


2.7 


1.6 


M. siniae 


25275 


1.2 


2.9 


1.8 


M. amegmatis 


el4468 


0.9 


1.5 


1.2 


M. szulgai 


23069 


1.1 


3.6 


1.1 


M. terra© 


15755 


1.0 


3.7 


2.0 


M* thermorofilfitlblle 


19527 


1.0 


1.6 


1.3 


M. triviale 


23292 


1.2 


1.6 


2.0 


M. tuberculosis 










(avirulent) 


25177 


66.2 


75 


68 


M. tuberculosis 










(virulent) 


27294 


62.4 


74 


75 


M. ulcerans 


19423 


0.9 


1.7 


3.0 


M. vaccae 


15483 


0.8 


1.4 


1.2 


M. xenopi 


19971 


2.6 


1.4 


1.2 



Example 4 

The probe specific for the 23S rRNA of the M . tuberculosis complex was obtained by using a primer 
which was complementary to a highly conserved region of 23S rRNA. The sequence of this primer, derived 
from E. coH rRNA, was 5'-AGG AAC CCT TQG GCT TTC GG-3'. Five nanograms of this primer was mixed 
with 1 microgram of rRNA from M. tuberculosis and other closely related Mycobacterium and the 
procedure as described for Examples 1, 2 and 3 was followed. After alignment as described in Example 1, 
the following sequence was determined to be specific to the Mtb complex of organisms, Mycobacterium 
tuberculosis . Mycobacterium africanum , Mycobacterium bovis , and Mycobacterium microti: 

TGCCCTACCCACACCCACCACAAGGTGATGT. 
The sequence is complementary to a unique segment found in the 23S rRNA of the Mib-complex bacteria. 
The oligonucleotide probe was characterized as previously described by the criteria of length, Tm and 
sequence analysis. The size of the probe is 31 bases. The probe has a Tm of 72.5°C and sequence 
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analysis confirmed that the probe was correctly synthesized. It is capable of hybridizing in the region 
corresponding to bases 1 155-1 190 of E coB23S rRNA. 

To demonstrate the reactivity of this sequence for the Mtb complex the probe was tested in 
hybridization reactions under the following conditions. ^P-end-tebetied oligonucleotide probes were mixed 

5 with 1 microgram (7 X 10 13 moles) of purified rRNA from Mycobacterium tuberculosis and reacted in 0.12 M 
PB hybridization buffer (equimolar amounts of NaiHPO*, and NarWOi), 1 mM EDTA and 0.2 SDS (sodium 
dodecyl sulfate) at 65 P C for 60 minutes In a final volume of 50 microliters. In separate tubes the probe was 
mixed with the hybridization buffer with and without target rRNA from Mycobacterium tuberculosis present 
Following separation on hydroxyapatite as outlined previously the hybrids were quantitated by scintillation 

10 counting. The results are shown in Table 14. 



TABLE 14 

16 HYBRIDIZATION OF THE Mtb-CGMPLEX 

23S rRNA DMA PROBE TO HOMOLOGOUS TARGET rRNA 

«ma *rma ainag flB 

20 Htb complex 238 probe 94% 1.2% 



These data show that the probe has a high extent of reaction to homologous target and very little non- 
specific binding to the hydroxyapatite. 

Specificity of the probe for the Mtb complex was tested by mixing the ^P labelled probe with rRNA 
released from cells of the four Mtb complex bacilli and of 25 other mycobacterial species by sonic 
disruption techniques described in Murphy et aL U.S. Patent Application No. 841.860. All hybridization 
assays were carried out as described In Example 1. Table 14 indicates that the probe is specific for 
organisms within the Mtb complex and does not react with any other mycobacterial species. 



35 



40 



45 



50 
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TABLE 15 

HYBRIDIZATION OP Mtb-COMPLEX 238 rRNA DBA PROBE 
TO MYCOBACTERIAL SPECIES 



10 



30 



Qrcanlsifl 


ATCCt 


k Probe Bound 








Iff. ABia^lcuift 


A94 / Q 




Iff - Bviun 




1 ft 


M bovifl 

dm ww V^O 




» U 


M« ch ft Ion as 

m • Willi i wi ma 






n • IlavBBCQnB 


14474 


1*2 




0041 




Iff #VAA*«H 




1*1 








it. haftnionhl ltm 


A9940 


J*. 4 






JL.X 




1a% / 5f 




M. malmoense 


29571 


1.3 


M. marinuia 


827 


1.2 


Kt nonchxomogenlcum 


1930 


1.0 


M. phlei 


11758 


1.0 


M. scrofulaceum 


19981 


1.1 


M. shimoidei 


27962 


1.2 


N. siaiae 


25275 


1.3 


H. smegmatia 


814468 


1.1 


H. szuigai 


23069 


1.1 


M. terras 


15755 


1.0 


M. thanaoresistlbile 


19527 


1.2 


M. trivial* 


23292 


1.0 


M. tuberculosis (avirulent) 


25177 


33.7 


H. tuberculosis (virulent) 


27294 


38.1 


M. ulcerans 


19423 


1.3 


M. vaccae 


15483 


1.0 


M. xenopi 


19971 


1-3 



Example 5 

Three additional Mycobacterium tuberculosis complex probes, Examples 5-7 herein, were identified 
using two unique primers complementary to 23$ rRNA, The first sequence is: 

CCATCACCACCCTCX3TCCQGAQAQGAAAAGG. 
The sequence of this Example 5 was obtained using a 23$ primer with the sequence 5X3GC CAT TAG 
ATC ACT CC-3'. It was characterized and shown to be specific for the Mycobacterium tuberculosis complex 
of organisms including Mycobacterium tuberculosis . Mycobacterium afrtcanum and Mycobacterium bovis . 
This sequence, from 23S rRNA. is 31 bases in length and has a Tm of 72°C. This probe is capable of 
hybridizing to RNA of the aforementioned organisms in the region corresponding to bases 540-575 of E. 
coli 23S rRNA. 

To demonstrate the reactivity and specificity of this probe for Mycobacterium tuberculosis complex, it 
was tested as a probe in hybridization reactions under the following conditions. ^P-end-labeled 
oligonucleotide probe was mixed with rRNA released from cells of 30 species of mycobacteria by the sonic 
disruption techniques described in Murphy et aJ„ U.S. Patent Application Serial No. 841,860. 3 * 10 7 cells 
were suspended in O.t ml 5% SDS and sonicated for 15 minutes at 50-60 'C. One ml of hybridization buffer 
(45% cBlsobutyl sulfosuccinate. 40 mM phosphate buffer pH 6.8, 1 mM EDTA, 1 mM EGTA) was added and 
the mixture incubated at 72°C for 2 hours. Following incubation, 4 ml of 2% (w/v) hydroxyapatite, 0.12M 
sodium phosphate buffer pH6.8, 0.02% SOS, 0.02% sodium azide was added and incubated at 72°C for 5 
minutes. The sample was centrlfuged and the supernatant removed. Four ml wash solution (0.1 2M sodium 
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phosphate buffer pH6.8, 0.02% SD& 0.02% sodium azide) was added and the sample was vortexed, 
centrifuged and the supernatant removed. The radioactivity bound to the hydroxyapattte was determined by 
scintillation counting. The results are shown in Table 16 and indicate that the probe is specific for the 
Mycobacterium tuberculosis complex of organisms. 



TABLE 16 



TO 



HYBRIDIZATION OF THE M. TUBERCULOSIS COMPLEX 
PROBE OF EXAMPLE 5 TO MYCOBACTERIAL SPECIES 



T5 



30 



30 



35 



Mycobacterium africanum 

M. asiaticum 

M. avium 

M. bovis 

H. bovis (BOG) 

M. chelonae 

M. flavescens 

M* f ortuitum 

M. gastri 

M. gordonae 

M. haemophilum 

M. intracellular 

M. kansasii 

M. malmoense 

M* marimm 

M. nonchromogenicum 

H. phlei 

M. scrofulaceum 

M. shimoidei 

M. simiae 

H. smegmatis 

M. azulgai 

M. terrae 

M. thermorasistible 
M, triviale 

M. tuberculosis (avirulent) 
M. tuberculosis (virulent) 
M. ulcer ans 
M. vaccae 
M. xenopi 



ATCC » 


* Probe Be 


25420 


18.0 


25274 


2.6 


25291 


3.4 


19210 


21.7 


35734 


35.3 


14472 


3.8 


14474 


2.3 


6841 


1.8 


15754 


2.2 


14470 


2.8 


29548 


2.8 


13950 


2.1 


12478 


1.6 


29571 


2.3 


827 


2.1 


1930 


2.3 


11758 


2.1 


19981 


2.2 


27962 


1.9 


25275 


2.2 


el4468 


2.0 


23069 


2.2 


15755 


2.2 


19527 


2.2 


23292 


2.0 


25177 


26.4 


27294 


36.6 


19423 


2.5 


15483 


2.4 


19971 


2.8 



Table 18 shows that the probe also did not cross react with RNA from any of the closely related organisms 
tested by the method just described. 
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TABLE 17 

HYBRIDIZATION OF THE M. TUBERCULOSIS COMPLEX PROBE 
OF EXAMPLE 5 TO FHYL06ENETICALLY CLOSELY BELATED ORGANISMS 



flranlm Aissi 1 safes Bamfl 

Actlnonadura maduraa 19425 2.1 

Actinoplanas italicus 10049 3.1 

Arthrobacter oxida&s 14358 2*1 

Brevlbacterium linens e9172 1*9 

Corynebacteriuxn xerosis 373 2.2 

Dermatophilus congolensis 14367 2*2 

Microbacterium laotioum 8 ISO 2.1 

Nocardia astaroldas 19247 2.0 

Nocardia brasiliensis 19298 2.2 

Nocardla otitldis-caviarum 14629 2.0 

Nooardioposls daaaonvillei 23218 4.0 

oarskovia turbata 33225 2.2 

Oerskovia xanthineolytica 27402 2.0 

Rhodococcus aichlanais 33611 1.9 

Rhodococcus aurantiacua 25938 2.0 

Rhodocoocus bronchial is 25592 2.1 

Rhodococcus chubuansis 33609 2.3 

Rhodococcus equi 6939 2.4 

Rhodococcus obuanais 33610 2.2 

Rhodococcus sputi 29627 2.3 



Example 6 

The second Mycobacterium tuberculosis complex probe was obtained using a 233 primer with the 
sequence 5' CCT GAT TQC CQT CCA GGT TGA GGG AAC CTT TGG G^. Its sequence is: 

CTX3TCCCTAAACCCGATTCAGGGTTCGAGGTTAGATGC 
This sequence, from 23S rRNA, is 3d bases in length and has a Tm of 75 °C. It hybridizes in the region 
corresponding to bases 2195-2235 of £. rail 23S rRNA. 

Like the complex probe in Example 5, this sequence was characterized and shown to be specific for the 
Mycobacterium tuberculosis complex of organisms including Mycobacterium tuberculosis , Mycobacterium 
africanum and Mycobacterium bovis. 

To demonstrate the reactivity and specificity of the probe of this Example 6 to Mycobacterium 
tuberculosis complex, it was tested as a probe in hybridization reactions under the following conditions 
described for the probe in Example 5. The results are shown in Table 18 and indicate that the probe is 
specific for the Mycobacterium tuberculosis complex of organisms with the exception of Mycobacterium 
thermoresistibile, a rare isolate which is not a human pathogen. 
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TABLE 18 



HYBRIDIZATION OF THE M. TUBERCULOSIS COMPLEX 
PROBE OF EXAMPLE 6 TO MYCOBACTERIAL SPECIES 



Organism 



10 



16 



20 



Mycobacterium af ricanum 

M. asiaticum 

M- avium 

K. bovis 

M. bovis (BCG) 

M. chelonae 

H. flavescens 

M. fortuitum 

M. gaetri 

M. gordonae 

M. haamophilum 

M. intracellulare 

M. kansasii 

M. malmoense 

M. marlnum 

M. nonchromogenicua 

M. phlei 

H. scrofulacsom 

M. sbimoidei 

M. simiae 



30 



M. SEulgai 
M. terras 

M. thermoresistibile 
M. triviale 

H« tuberculosis (avirulent) 
M. tuberculosis (virulent) 
M. ulcerans 
M. vaccae 
M. xenopi 



ATCC 4 


& Probe B< 


25420 


56.0 


25274 


3.1 


55291 


2.6 


19210 


48-0 


35734 


63.0 


14472 


2,8 


14474 


2.8 


6841 


3.0 


15754 


3.2 


14470 


3.0 


29548 


3.0 


13950 


3.6 


12478 


3.9 


29571 


2.9 


827 


2.9 


1930 


4.8 


11758 


2.9 


19981 


2.6 


27962 


3.6 


25275 


3.3 


el4468 


3.0 


23069 


2.8 


15755 


2.8 


19527 


11.7 


23292 


3.2 


25177 


65.0 


27294 


53.0 


19423 


2.5 


15483 


2.8 


19971 


3.3 



Table 19 shows that the probe also did not cross react with RNA from any of the phylogenetically cJosely 
^ related organisms tested by the method just described. 
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TABLE 18 



HYBRIDIZATION OF THE M- TUBERCULOSIS COMPLEX 
PROBE OP EXAMPLE 6 TO MYCOBACTERIAL SPECIES 



Organism 

Mycobacterium af ricamnn 

M. asiaticum 

M. avium 

M. bovis 

M. bovis (BOG) 

M. chelonae 

M. flavescens 

M. fortuitum 

M. gastri 

M. gordonae 

M# haemophilum 

M. intracellulare 

M. kansasii 

M. malmoense 

M» jnaxinum 

M. nonchromogenicum 

M. phlai 

H. scrofttlaceuni 

M. shimoidei 

H. simiaa 

H. smegmatis 

M. ssulgai 

H. terras 

M. thenooresistibilQ 
M. triviale 

M. tuberculosis (avirulent) 
M. tuberculosis (virulent) 
K* ulcerans 
M. vaccae 
M. xenopi 



ATCC # 


ft Probe Be 


25420 


56.0 


25274 


3.1 


25291 


2.6 


19210 


48.0 


35734 


63.0 


14472 


2.8 


14474 


2.8 


6841 


3.0 


15754 


3.2 


14470 


3.0 


29548 


3.0 


13950 


3.6 


12478 


3.9 


29571 


2.9 


827 


2.9 


1930 


4.8 


11758 


2.9 


19981 


2.6 


27962 


3.6 


25275 


3.3 


el4468 


3.0 


23069 


2.8 


15755 


2.8 


19527 


11.7 


23292 


3.2 


25177 


65.0 


27294 


53.0 


19423 


2.5 


15483 


2.8 


19971 


3.3 



Table 19 shows that the probe also did not cross react with RNA from any of the phylogenetically dosely 
related organisms tested by the method just described. 
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TABLE 19 

5 

HYBRIDIZATION 0? THE M. TUBERCULOSIS COMPLEX PROBE 
OF EXAMPLE 6 TO PHYLOGEHETICALLY CLOSELY RELATED ORGANISMS 



aganlm AZCCJL % Proba Bound 

10 Actinomadura madurae 19425 1.3 

Actinoplanes italicus 10049 0.6 

Arthrobacter oxidans 14358 1.1 

Brevibacteriua linens G9172 0.8 

Corynebacterium xerosis 373 1.0 

is Derma tophi lus congolansis 14367 0.6 

Microbacterium laoticum 8180 1.9 

Nocardia asteroides 19247 0.9 

Nocardia brasiliansis 19296 0.8 

Nocardia otitidis-caviarum 14629 1.5 

Nocardioposis dassonvillei 23218 0.5 

20 Oerskovia turbata 33225 0.3 

oarskovia xanthineolytica 27402 0.8 

Rhodococcus aichiensis 33611 1.6 

Rhodococcus aurantiacus 25938 0.7 

Rhodococcus bronchialis 25592 1.5 

25 Rhodococcus chubuansis 33609 0.8 

Rhodococcus agui 6939 0.3 

Rhodococcus obuensis 33610 0.8 

Rhodococcus sputi 29627 1.4 



30 

Example 7 

The following additional Mycobacterium tuberculosis complex probe aJso has been identified using a 
23S prtmer with the same sequence as that of Example 6, namely. 5'-CCT GAT TGC CGT CCA GGT TGA 
w GGG AAC CTT TGG G-3': 

AGGCACTGTCCCTAAACCCGATTCAGGGTTC, 

This sequence, from 23S rflNA is 31 bases in length and has a Tm of 71 °C. It hybridizes in the region 
corresponding to bases 2195-2235 of E. coli 23S rRNA. As is the case with the Mycobacterium tuberculosis 
complex probes of Examples 5 and 8 herein, this sequence also was characterized and shown to be 
40 specific for the Mycobacterium tuberculosis complex of organisms, including Mycobacterium tuberculosis . 
Mycobacterium africanum and Mycobacterium bo via . 

To demonstrate the reactivity and specificity of this probe for Mycobacterium tuberculosis complex, it 
was tested as a probe in hybridization reactions under the conditions described for the probe of Example 5. 
Table 20 shows that the probe is specific for the Mycobacterium tuberculosis complex of organisms. 
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TABLE 20 



HYBRIDIZATION OP THE MYCOBACTERIUM TUBERCULOSIS 
COMPLEX PROBE OF EXAMPLE 7 TO MYCOBACTERIAL SPECIES 



Mycobacterium africanua 

M. aaiaticum 

M. avium 

M. bovis 

M. bovis (BCG) 

M* chelonae 

M. flavescens 

M. fortuitum 

M« gactri 

M. gordona© 

H. haemophilum 

M« intracellular 

M. kansasii 

M. malooense 

M. marinum 

M. nonchromogenicum 

M. phlei 

M. scrofulaceum 

M. shimoidei 

H. aimiae 

M. smegmatis 

M. szulgai 

M. terras 

M« therntoresistibile 
M. triviale 

M. tuberculosis (avirulent} 

M. tuberculosis (virulent) 

M. ulcerans 

M. vaccae 

M. xenopi 







25420 


43 • 0 


25274 


/l At 


25291 


0.7 


19210 


A 1 f\ 

43. U 


35734 




14472 


U * O 


n A A 1 A 

14474 


n A 

II • w 


6841 


U *9 


15754 


U.3V 


14470 


0.7 


29549 


0.6 


13950 


0.6 


12478 


0.9 


29571 


0.8 


827 


0.7 


1930 


0.8 


11758 


0.6 


19981 


0.7 


27962 


0.8 


25275 


0.7 


814468 


0.6 


23069 


0.6 


1S755 


0.7 


19527 


0.9 


23292 


0.7 


25177 


40.0 


27294 


50.0 


19423 


0.7 


15483 


0.4 


19971 


0.6 



Table 21 shows that the probe also did not cross react with RNA from any of the closely related organisms 
tested by the method just described. 
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TABLE 21 

HYBRIDIZATION OF THE M. TUBERCULOSIS COMPLEX PROBE OF 
EXAMPLE 7 TO PHYLOGENETICALLY CLOSELY RELATED ORGANISMS 



flfiZ&niSB ATCC # % Proba Bound 

Actincmadura madurae 19425 1.0 

Actinoplanea italicuo 10049 0.6 

Arthrobacter oxldans 14358 0.4 

Brevibacterium linens e9172 0.8 

Corynebactarium xerosis 373 0.6 

Dermatophilus congolensia 14367 0.8 

Microbacteriua lacticum 8180 0.5 

Nocardia aster o ides 19247 0.7 

Nocardia brasiliensis 19296 0.5 

Nocardia otitidis-oaviarum 14629 0.6 

Nocardioposis dassonvillei 23218 0.6 

Oerokovia turbata 33225 0.8 

OersJcovia xanthineolytica 27402 0.6 

Rhodococcus aichiensis 33611 0.7 

Rhodococcue aurantiacus 25938 0.7 

Rhodococcus bronchial is 25592 0.6 

Rhodococcus chubuensis 33609 0.6 

Rhodococcus equi 6939 0.6 

Rhodococus obuensis 33610 0.6 

Rhodococcus sputi 29627 0.9 



Notably, overlapping probes may have identical specificity. Compare, for example, the probes of 
Example 6 and 7: 

Ex. 8 CTQTCCCTAAACCCQATTCAGGGTTCQAQGTTAGATGC 
Ex. 7 AGGCACTGTCCCTAAACCCGATTCAGGGTTC 

There may be several sequences from a particular region which will yield probes with the desired 
hybridization characteristics. In other cases, one probe sequence may be significantly better than another 
probe differing by a single base, in general, the greater the sequence difference (% mismatch) between a 
target and nontarget organism, the more likely one will be able to alter the probe without affecting its 
usefulness for a specific application. This phenomenon also was demonstrated by the derivative probes in 
Example 3. 

In Example 7, five bases were added to the 5' end of the probe In Example 6, and 12 bases were 
removed from the 3' end. The two probes have essentially identical hybridization characteristics. 



Example 8 

The Mycobacterium genus is particularly difficult to distinguish from Nocardia, Corynebacterium and 
Rhodococcus . TTiese genera have common antigens, precipitins and G & C counts. Despite the fact that 
these organisms also exhibit 92-94% rRNA homology to the above listed organisms, we have designed 
probes which detect all members of the Mycobacterium genus Mycobacterium without cross reacting to 
the related genera 

In addition to the Mycobacterium species probes already disclosed, four probes specific for members 
of the Mycobacterium genus were Identified using one primer complementary to 16S rRNA and one primer 
complementary to 23S rRNA. Sequence 1 was obtained using a 16S primer with the sequence 5-TTA CTA 
GCG ATT CCG ACT TCA-3*. Sequences 2. 3 and 4 were obtained using a 23S primer with the sequence 5'- 
GTG TCG GTT TTG GGT ACG-3'. Sequence 1 is capable of hybridizing to RIMA of the genus Mycobac- 
terium in the region corresponding to bases 1025-1060 of E. coli 16S rRNA. Sequences 2-4 hybricfize in 
regions corresponding to the following bases of E. coH 23S rRNA in our numbering system (See Figure 2); 
1440-1475; 1515-1555; 1570-1610 In our numbering system. 

The following sequences were characterized and shown to be specific for the genus Mycobacterium ; 
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1. CCA TGC ACC ACC TGC ACA CAG GCC ACA AGG 

2. GGC TTG CCC CAG TAT TAC CAC TGA CTG GTA CGG 

3. CAC CGA ATT CGC CTC AAC CGG CTA TGC GTC ACC TC 

4. GGG GTA CGG CCC GTG TGT GTG CTC GCT AGA GGC 

5 Sequence 1. from 16S rRNA, is 30 bases in length and has a Tm of 73°. Sequence 2. from 23S rRNA. 
Is 33 bases in length and has a Tm of 75'C. Sequence 3, from 23S rRNA, is 35 bases in length and has a 
Tm of 7B°C. Sequence 4. from 23S rRNA. is 33 bases in length and has a Tm. of 73 fl C. 

To demonstrate the reactivity and specificity of probe 1 for members of the genus Mycobacterium, it 
was testad as a probe in hybridization reactions under the following conditions, '^-labeled oligonucleotide 

io probes were mixed with rRNA released from cells of 30 species of mycobacteria by the sonic disruption 
techniques described in Murphy et al.. U.S. Patent Application Serial No. 841,860. 3<10 7 cells were 
suspended In 0.1 ml 5% SDS and sonicated for 15 minutes at 50-60°C. One mi of hybridization buffer 
<45% dBsobutyl sulfosucccnate, 40 mM sodium phosphate pH63, 1 mM EDTA, 1 mM EGTA) was added 
and the mixture incubated at 72 C C for 2 hours. Following incubation, 2 g,f of separation solution (containing 

75 2.5 g/i catlonlc magnetic microspheres. 0.17M sodium phosphatB buffer pH6.8 r 7,5% Triton X-100 (TM), 
0.02% sodium azide) was added and incubated at 72° C for 5 minutes. The RNArprobe hybrids, bound to 
the magnetic partides. were collected and the supernatant removed. One ml wash solution {0.1 2M sodium 
phosphate buffer pH6.B, 14% dllsobutyl sutfosuccmate, 5% Triton X-100, 0.02% sodium azide) was added, 
the particles collected and the supernatant removed. This step was repeated two times. The radioactivity 

so bound to the magnetic particles was determined in a gamma counter. The results are shown in Tabie 22 
and Indicate that the probes hybridize to organisms In the genus Mycobacterium and that a combination of 
probes will detect all members of the genus. Table 23 shows that the probes do not react with other closely 
related bacteria 
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TABLE 32 

HYBRIDIZATION OF THE MYCOBACTERIUM 
PROBES 1-4 TO MYCOBACTERIAL SPECIES 



40 



45 



80 



55 



Bcganiaa 

Mycobacterium 

africanum 
M. asiatlcum 
M. avium 
M. bovis 
M. bovis (BCG) 
H. chelonae 
M. flavescens 
M. fortuitum 
M. gastri 
M. gordonae 
M. haemophiluat 
M- intracellular 
M. Jcansasii 
M. malmoense 
M. marinum 
M. non- 

chromogenicum 
M. phlei 
M. scrofulaceum 
M. staimoidei 
M. simiae 
M. smegmatis 
M. szulgai 
M. terra© 
M. thermo- 

resistibile 



ATCC* 



% Probe 
1 Bflfflfl 



% Probe 

2 Bound 



% Probe 

3 Bound 



% Probe 
4 Bguflfl 



25420 


41.5 


14.7 


17.9 


26.7 


25274 


31.8 


20.2 


7.9 


O.l 


25291 


11.7 


34.7 


10.1 


1.6 


19210 


19.4 


28.4 


44.6 


20.9 


35734 


30.0 


35.5 


17.8 


5.6 


14472 


8.6 


0.7 


6.3 


0.2 


14474 


29.8 


17.7 


2.3 


0.9 


6841 


34.7 


2.2 


4.8 


0.2 


15754 


27.6 


65.1 


916 


22.3 


14470 


50.7 


55.2 


3.1 


0.4 


29543 


40.7 


60.7 


' 0.4 


12.4 


13950 


38.8 


48.3 


0.9 


5.4 


12478 


53.4 


27.3 


24.5 


27.8 


29571 


3.1 


38.4 


0.8 


1.5 


827 


41.7 


4.1 


4.8 


0.1 


1930 


35.0 


42.9 


0.5 


16.4 


11758 


23.7 


0.6 


1.8 


0.6 


19981 


35.1 


66.9 


0.9 


26.4 


27962 


34.6 


1.4 


1.3 


4.8 


25275 


45.9 


44.0 


5.3 


0.1 


el4468 


31.3 


4.0 


5.6 


0.1 


23069 


19.4 


22.3 


1.5 


3.0 


15755 


25.6 


21.7 


0.4 


12.3 


19527 


20.3 


34.5 


3.1 


17.6 



30 



0 272 009 



M. 


trivial© 


23292 


37.3 


4.6 


4.3 


0.1 


H. 


tuberculosis 


25177 


38.5 


26.3 


11.3 


23.0 




(avirulent) 












M. 


tuberculosis 


27294 


13.8 


12.4 


38.4 


22.3 




(virulent) 












M. 


ulcerans 


19423 


33.9 


28.7 


0.4 


8.9 


M. 


vaccae 


15483 


8.8 


36.2 


4.8 


3.2 


M. 


xenopi 


19971 


38.4 


2.1 


3.8 


0.2 



TABLE 23 

HYBRIDIZATION OF THE MYCOBACTERIUM PROBES 
1-4 TO PHYLOGENETICALLY CLOSELY RELATED ORGANISMS 

20 

% Probe % Probe % Probe % Probe 



40 



Organism 


AJCCi 


1 Bound 


2 Bound 


3 Bound 


4 Bound 


Actinomadura 


19425 


0.2 


0.3 


0.2 


0.1 


nadurae 












Actinoplanes 


10049 


0.4 


0.5 


0.3 


0.2 


italicus 












Arthrobactar 


14358 


0.2 


0.4 


0.3 


0.1 


oxidans 












Brovibacterium 


89172 


0.3 


0.3 


0.3 


0.1 


linens 












Corynebacterium 


373 


0.4 


0.3 


0.3 


0.1 


xarosis 












Dermatophilufl 


14367 


0.4 


0.6 


0.3 


0.2 


congolensis 












Microbacterium 


8180 


0.2 


0.3 


0.2 


0.1 


lacticum 












Nocardia 


19247 


0.3 


0.3 


0.4 


0.1 


aateroides 












Nocardia 


19296 


0.4 


0.3 


0.6 


0.1 


braailienais 












Nocardia 


14629 


0.4 


0.4 


1.0 


0.3 


otitidis- 












caviarum 












Nocardiopoais 


23218 


0.3 


0.2 


0.3 


0.1 


dasaonvillei 












Oarskovia 


33225 


0.2 


0.2 


0.3 


0.1 


turbata 












Oarakovia 


27402 


0.2 


0.3 


0.3 


0.1 


xanthineolytica 












Rhodococcua 


33611 


0.4 


0.2 


0.3 


0.2 


aichiansis 












Rhodococcua 


2S938 


0.3 


0.4 


0.3 


0.2 


aurantiacus 












Rhodococcua 


25592 


0.4 


0.3 


0.3 


0.1 


bronchialis 












Rhodococcua 


33609 


0.6 


0.4 


0.3 


0.3 


chubuensis 
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M. 


trivial© 


23292 


37.3 


4.6 


4.3 


0.1 


H. 


tuberculosis 


25177 


38.5 


26.3 


11.3 


23.0 




(avirulent) 












M. 


tuberculosis 


27294 


13.8 


12.4 


38.4 


22.3 




(virulent) 












M. 


ulcerans 


19423 


33.9 


28.7 


0.4 


8.9 


M. 


vaccae 


15483 


8.8 


36.2 


4.8 


3.2 


M. 


xenopi 


19971 


38.4 


2.1 


3.8 


0.2 



TABLE 23 

HYBRIDIZATION OF THE MYCOBACTERIUM PROBES 
1-4 TO PHYLOGENETICALLY CLOSELY RELATED ORGANISMS 



% Probe t Probe % Probe % Probe 



Orcranism 


A*0C# 


1 Bound 


2 Bound 


3 Bound 


4 Bound 


Act inomadur a 


19425 


0.2 


0.3 


0.2 


0.1 


madurae 












Actinoplanas 


10049 


0.4 


0.5 


0.3 


0.2 


italicus 












Artbrobactar 


14358 


0.2 


0.4 


0-3 


0.1 


oxidans 












Brevibactarium 


S9172 


0.3 


0.3 


0.3 


0.1 


linens 












Corynabacterium 


373 


0*4 


0.3 


0.3 


0.1 


xerosis 












Dermatophilus 


14367 


0.4 


0.6 


0.3 


0.2 


congolensis 












Hicrobacterium 


aiao 


0.2 


0.3 


0.2 


0.1 


lacticum 












Nocardia 


19247 


0.3 


0.3 


0.4 


0.1 


asteroideo 












Nocardia 


19296 


0*4 


0.3 


0.6 


0.1 


braailiensis 












Nocardia 


14629 


0.4 


0.4 


1.0 


0.3 


otitidis- 












caviarum 












Nocardiopoais 


23218 


0*3 


0.2 


0.3 


0.1 


dassonvillei 












Oarakovia 


33225 


0.2 


0.2 


0.3 


0.1 


turbata 












oarskovia 


27402 


0.2 


0.3 


0.3 


0.1 


xantbineolytica 












Rbodbcoccua 


33611 


0.4 


0.2 


0.3 


0.2 


aichiansis 












Rbodococcus 


25938 


0.3 


0.4 


0.3 


0.2 


aurantiacus 












Rbodococcus 


25592 


0.4 


0.3 


0.3 


0.1 


broncbialis 












Rbodococcus 


33609 


0.6 


0.4 


0.3 


0.3 


cbubuensis 
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Rhodococcus equi 6939 0.4 0.4 0.4 0.5 

Bhodococcus 33610 0.5 0.5 0.3 0.1 
ofatiangifl 

Rhodococcus sputi 29627 0.4 0.5 0.4 0.3 



Example 8 

Mycoplasmas are small, aerobic bacteria lacking cell walls. Mycoplasma pneumoniae is estimated to 
cause 8*15 million infections per year. The Infections may be asymptomatic or range in severity from mild 
to severe bronchitis and pneumonia The organism is believed to cause about 10% of pneumonias in the 
general population and 10-60% of the pneumonias of members of groups in prolonged, dose contact such 
as college students and military personnel. 

Diagnosis until now has required isolation of the organism In culture or demonstration of an increase in 
antibody titer. CuJturing of the organism Involves inoculation of respiratory tract specimens onto agar or 
blphasfc meda containing bacterial growth Inhibitors. Examination for growth at 3-4 and 7-10 days is used 
to establish the presence or absence of any mycoplasma. Mycoplasma pneumoniae must then be identified 
by hemadsorption (the ability of M. pneumoniae to adhere sheep or guinea pig erythrocytes), hemolysis 
(the ability of M. pneumoniae to produce beta hemolysis of sheep or guinea pig erythrocytes in Wood agar), 
growth inhibition by specific antibodies, or immunofluorescence with specific antibodies. The present 
invention has significant advantages over each of these prior art methods both because of the simplicity of 
the test and because of the greatly reduced time necessary to achieve a diagnosis. 

A probe specific for the 5S rRNA of M. pneumoniae was obtained by a comparison of known rRNA 
sequences. The particular sequences aligned were from M. pneumoniae. M. gallisepticum and Ureaplasma 
urealytteum (Rogers, M.J. et al. 1 985, Proc. Natl Acad. Scl. USA, 82 (11 60-1 164), M. caprfcolum (Horl. H, et 
aJ. 1981, Nud. Acids Res. 9, 5407-5410) and Spiroplasma 5£. (Walker, R.T. et al, 1982 NucL Adds Res. 10. 
8383-8367). The alignments were performed as described above and outlined at page 6. 5S rRNA can be 
isolated and sequenced as outlined in Rogers et al.. or a primer can be made which is complementary to a 
conserved region in the 5S rRNA and sequendng performed as outlined in Example 1-4. The conserved 
region of 5S rRNA is documented in Fox, Q.E. and Woese, C.R. 1975, Nature 250: 505-507. The following 
sequence was determined to be specific for Mycoplasma pneumoniae: 
GCTTGGTQCTTTCCTATTCTCACTGAAACAGCTACATTCQQC. 

The sequence is complementary to a unique segment found in the 5S rRNA of Mycoplasma 
pneumoniae in the region corresponding to bases 85-108 of E. coB 5S rRNA, and was selected by 
comparison to 5S rRNA sequence from Mycoplasma gallisepticum , Spiroplasma mhrum and Ureaplasma 
urealyticum. The oligonucleotide probe was characterized as described above. The size of the probe was 
42 bases. The probe has a Tm of 71«5°C. 

To demonstrate the reactivity of this sequence for Mycoplasma pneumoniae, the probe was tested in 
hybridization reactions under the following conditions. ^P-end-labelled oligonucleotide probe was mixed 
with 1 microgram (7 X 10 13 moles) of purified rRNA from Mycoplasma pneumoniae and reacted in 0.12 M 
PB (equimolar amounts of Na^POi and NahbPO*), 1 mM EOTA and 0.2% SOS (sodium dodecyl sulfate) at 
65°C for 60 minutes in a final volume of 50 microliters. In separate tubes the probe was mixed with the 
hybridization buffer with and without target Mycoplasma pneumoniae rRNA present Following separation on 
hydroxyapatite as outlined previously the hybrids were quantitated by sdntillation counting. These results 
are shown in Table 24. 
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TABLE 24 



HYBRIDIZATION OF THE tf. PNBDMOKIAg 5S rRNA UNA 
PROBE TO HOMOLOGOUS TARGET ifiNAy 

plug fflIB minus rm 

H. nneunoniaa 56 probe 35-95% 0.5% 

* % Hybridization - earn honnd to hvdgogvarafcifc. 

total cpm added to reaction 



ts This data shows that the probe has a high extent of reaction to its homologous target and very little non- 
specific binding to the hydroxyapatite. 

Specificity of the M. pneumoniae 58 probe was tested by mixing the 32 P labelled probe with rRNA 
released from cells from other Mycoplasma species. All hybridization assays were carried out as described 
in Example 1. Table 25 indicates that the probe is specific for Mycoplasma pneumoniae and does not react 

so with any other Mycoplasma species. 



TABLE 25 

HYBRIDIZATION OF H. PNEUMONIAE PROBE TO • 



OTHI 


SR MYCOPLASMA SPECIES 




Acholaplasaa laidlawii 


14089 


3.3 


M. buccale 


23636 


1.7 


H. capricolua 


23205 


2.4 


M. columbinsale 


33549 


1.4 


Ha faucium 


25293 


1.4 


He fermentans 


15474 


1.0 


M. gallisepticum 


19610 


1.8 


H. gallopavonis 


33551 


1.6 


H. genitalium 


3353C 


1.7 


M. honinis 


14027 


1.3 


M. or ale 


23714 


1.8 


M. pneumoniae 


15531 


78.0 


Me prima turn 


15497 


1.6 


H. sal ivar lira 


23064 


0.6 


spiroplasma ml mm 




2.3 



As shown in Table 26, the probe did not react with any other closely related or phylogenetically diverse 
species of bacteria 
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TABLE 27 

HYBRIDIZATION OF MYCOPLASMA PNEUMONIAE 
PROBES 2-5 TO MYCOPLASMA SPECIES 





AX£Ci 


1 Esafefl Baaafl 


Acnoiepiasma axantnum 


27378 


0.34 


Acnoiepiasma laidlavii 


14089 


0.30 


Mycoplasma arginlni 


23838 


0.20 


Mycoplasma arthritidis 


19611 


0,49 


Mycoplasma bovigenital ium 


19852 


0.18 


Mycoplasma bovls 


25523 


0.43 


Mycoplasma buccals 


23636 


0.37 


Mycoplasma califomicum 


33451 


0.79 


Mycoplasma capricolum 


23205 


0,38 


Mycoplasma columbinasale 


33549 


0.54 


Mycoplasma columborale 


29258 


0.50 


Mycoplasma f aucium 


25293 


0.45 


Mycoplasma fermentans 


15474 


0.27 


Mycoplasma gallisapti.com 


19610 


0.25 


Mycoplasma gallopavonis 


33551 


0.47 


Mycoplasma genitalium 


33530 


2.5 


Mycoplasma homlnis 


14027 


0.52 


Mycoplasma hyorhinis 


17981 


0.46 


Mycoplasma orals 


23714 


0.56 


Mycoplasma pneumoniae 


15531 


34.0 


Mycoplasma prima turn 


15497 


0.71 


Mycoplasma pulmonis 


19612 


0.68 


Mycoplasma salivarium 


23064 


0.46 


Spiroplasma citri 


29416 


0.60 


Spiroplasma mirum 


29335 


0.52 




TABLE 28 




HYBRIDIZATION OF MYCOPLASMA PNEUMONIAE 


PROBES 2-5 WITH OTHER BACTERIA 




Actinomyces israelii 


10049 


» Probe Bound 
1.0 


Bacteroides fragilis 


23745 


1.4 


Bi f idobact er ium breve 


15700 


1.0 


Bordetella bronchis apt ica 


10580 


0.9 


Clostridium innocuum 


14501 


1.0 


Clostridium pasteurianum 


6013 


0.9 


Clostridium perfringens 


13124 ' 


1.1 


Clostridium ramosum 


25582 


1.0 


Corynebacterium xerosis 


373 


0.8 


Erysipelothrix rhusiopathiae 


19414 


1.1 


Escherichia coli 


11775 


1.0 


Haemophilus influenzae 


19418 


0.9 


Klebsiella pneumoniae 


15531 


1.0 


Lactobacillus acidophilus 


4356 


1.4 


Legionella pneumophila 


33154 


0.8 


Listeria monocytogenes 


15313 


1.2 
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TABLE 27 

HYBRIDIZATION OF MYCOPLASMA PNEUMONIAE 
PROBES 2-5 TO MYCOPLASMA SPECIES 





ATCCf 




Acholeplasma axanthum 


27378 


0*34 


Acholeplasma laidlavii 


14089 


0.30 


Mycoplasma 


arginini 


23838 


0.20 


Mycoplasma 


arthritidis 


19611 


0.49 


Mycoplasma 


bovigenitalium 


19852 


0.18 


Mycoplasma 


bovis 


25523 


0*43 


Mycoplasma 


buccals 


23636 


0.37 


Mycoplasma 


californicum 


33451 


0.79 


Mycoplasma 


capricolum 


23205 


0.38 


Mycoplasma 


coluabinasale 




0. 54 


Mycoplasma 


columborale 


29258 


0.50 


Mycoplasma 


fauclum 


25293 


0.45 


Mycoplasma 


fermantans 


15474 


0.27 


Mycoplasma 


gallisaptictzm 


19610 


0.25 


Mycoplasma 


gallopavonia 


33551 


0.47 


Mycoplasma 


genitalium 


33530 


2.5 


Mycoplasma 


homlnis 


14027 


0.52 


Mycoplasma 


hyorhinie 


17981 


0.46 


Mycoplasma 


orals 


23714 


0.56 


Mycoplasma 


pneumoniae 


15531 


34.0 


Mycoplasma 


prlmatum 


15497 


0.71 


Mycoplasma 


pulmonis 


19612 


0.68 


Mycoplasma 


sallvarlum 


23064 


0.46 


Spiroplaama citrl 


29416 


0.60 


Splroplasma mlrum 


29335 


0.52 



TABLE 28 

HYBRIDIZATION OF MYCO PLASM A PNEU MONIAE 
PROBES 2-5 WITH OTHER BACTERIA 



Organism 

Actinomyces israelii 
Bacteroides fragilis 
Bifidobacterium breve 
Bordetella bronchia optica 
Clostridium innocuum 
Clostridium pasteurianum 
Clostridium perfringens 
Clostridium ramosum 
Corynebacterium xerosis 
Brysipelothrix rhusiopathiae 
Escherichia coli 
Haemophilus influenzae 
Klebsiella pneumoniae 
Lactobacillus acidophilus 
Legionella pneumophila 
Listeria monocytogenes 



ATCC* 


a Bala Baand 


10049 


1.0 


23745 


1.4 


15700 


1.0 


10580 


0.9 


14501 


1.0 


6013 


0.9 


13124 ' 


1.1 


25582 


1.0 


373 


0.8 


19414 


1.1 


11775 


1.0 


19418 


0.9 


15531 


1.0 


4356 


1.4 


33 154 


0.8 


15313 


1.2 
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Moraxella osloenaia 19976 1.1 

Mycobacterium tuberculosis 25177 1.0 

5 Neisseria meningitidis 13077 1*0 

PasteureXla moltocida 6529 1*6 

Peptococcus magnus 14955 0»9 

Propionlbacterium acnes 6919 1*1 

Pseudoaonas aeruginosa 25330 1-0 

1Q Staphylococcus aureus 12600 1.0 

Streptococcus faecal is 19433 1*5 



Streptococcus mitis 9811 
Streptococcus pneumoniae 6306 
Streptococcus pyogenes 19615 



15 

Example 10 

Tlie genus Legionella contains 22 species which are all potentially pathogenic for humans. These 

20 organisms cause Legionnaires' disease, an acute pneumonia, or Pontiac fever, an acute, non-pneumonic, 
febrile illness that is not fatal. 

Legionella species have also been shown to be responsible for nosocomial pneumonia occuring 
predominantly among immunocompromised patients. 

Legionellosis, which includes Legionnaires' disease and Pontiac fever, is diagnosed on the basis of 

25 clinical symptoms, either direct or indirect fluorescence antibody tests, and by culture using a buffered 
charcoal yeast extract (BCYE) agar containing selective antimicrobial agents. There is no single definitive 
genus test known in the prior art (See Bergey's Manual of Systematic Bacteriology at page 283, (ed. 1984)- 
). The fluorescent antibody tests are not able to identify all species of Legionella , but only those few for 
which antibodies exist The culture method is not definitively diagnostic for Legionella species. 

30 The oligonucleotide sequences described below, when used as probes in a nucleic acid hybridization 
assay, accurately identify all species of Legionella. This assay is more sensitive than culture or antibody 
tests and shortens significantly the time of identification and, thus, diagnosis. The assay, therefore, 
represents a significant improvement over prior diagnostic methods. 

Three probe sequences specific for the genus Legionella were obtained by utilizing three unique 

36 primers complementary to conserved regions on both 16S and 23S rRNA. Sequence 1 was obtained by 
using a 16S primer with the sequence S'-TCT ACQ CAT TTC ACC GOT ACA CXT. Probe sequence 2 was 
obtained with a 23S primer of sequence 5'-CAG TCA GGA GTA TTT AGC CTT-3'. Probe sequence 3 was 
obtained with a 16S primer of sequence 5'GCT CGT TGC GGG ACT TAA CCC ACC AT-3'. Sequencing 
with these primers was performed as described for previous examples. 

40 The following three sequences were characterized by the criteria described in Example 1 and were 
shown to be specific for me genus Legionella. The phylogenetically nearest neighbors Escherichia a>|l , 
Pseudomonas aeruginosa. Vibrio parahaemolyticus and Adnetobacter calcoaceticus were used as compari- 
sons with sequences from Legionella species. 

1. TACCCTCTCCCATACTCGAGTCAACCAGTATTATCTGACC 

«S 2- GGATTTCACGTGTCCCGGCCTACTTGTTCGGGTGCGTAGTTC 

3. CATCTCTGCAAAATTCACTGTATGTCAAGGGTAGGTAAGG. Sequence 1. from 16S rRNA. is 40 
bases in length and has a Tm of 72°C. Sequence 2, from 23S rRNA, is 42 bases In length and has a Tm of 
73° C. Sequence 3, from 18S rRNA, is 40 bases in length and has a Tm of 68°C. These sequences are 
capable of hybridizing to RNA of the genus Legionella In the regions corresponding respectively to, 630-675 

so of E. con 18s rRNA; 350-395 of E. ^0 23s rRNA; and 975-1020 of EL coli 16s rRNA. When mixed together 
the probes had a combined average Tm of 73°C, Analysis on polyacrylamide gels showed that each probe 
was the correct length and sequence analysis demonstrated that each was the correct sequence of bases. 

When the three probes were mixed and used in a hybridization assay, they were found to be specific 
for the genus Legionella (Tables 29 and 30) and did not cross react with other respiratory pathogens or with 

55 any selected organism from the phylogenetic tree (Tables 31 and 32). Use of more than one probe, f.e. r a 
mixture of probes, can result in increased assay sensitivity and/or in an Increase in the number of non-viral 
organisms to be detected. 
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TABLE 29 

HYBRIDIZATION OF LEGIONELLA 
PROBES TO HOMOLOGOUS TARGET rRNA 

Plug IBNA minus rRNA 

I*»alon«lla probe 80% 1. 0% 



TABLE 30 



HYBRIDIZATION OF LEGIONELLA 
PROBES TO r.B«Tnwn!T.TJi SPECIES 







AXSSi 
35292 




L. 


anisa 


42.0 


L* 


bozamanii 


33217 


58.0 


L. 


charrii 


35252 


69.0 


L. 


dumoffii 


33279 


57.0 


L. 


erythra 


CDC#9P1W044C 


26.0 


L. 


faaleii 


35303 


59.0 


L. 


hackeliae 


35250 


47.0 


L. 


j amestowniensis 


35298 


20.0 


L. 


jordanis 


33623 


50.6 


L. 


longbeachae 


33484 


48.0 


L. 


macaachernii 


35300 


25.0 


L. 


mlcdadei 


33704 


38.0 


L. 


oakridgensia 


33761 


44.0 
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69.0 
75. 0 
64.0 
73.0 
73.0 
78.0 
75.0 
73.0 
63.0 
75.0 
12.0 
61.0 
24.0 
55.0 
56.0 
37.0 

* The numbers 1-8 and 11 are serotypes of L- BMMBgBftUft* 



TABLE 31 



HYBRIDIZATION OF LEGIONELLA PROBES TO 
RESPIRATORY PATHOGENS 



Oroanisms 


atcc* 


* Probe Bound 


Corynebacterium xerosis 


373 


2.1 


Haemophilus influenzae 


19418 


2.3 


Klebsiella pneumoniae 


23357 


2.0 


Mycoplasma pneumoniae 


15531 


2.3 


Neisseria meningitidis 


13090 


2.2 


Pseudomonas aeruginosa 


25330 


1.2 


Prop ionibacter iizm acmes 


6919 


1.6 


streptococcus pneumoniae 


6306 


0.8 


Staphylococcus aureus 


25923 


1.6 



L. parisiensis 
Ii. pneumophila 1* 
2 
3 
4 
5 
6 
7 
8 
11 

L~ rubriluoens 
L. eainthelensi 
L. sainticrucis 
L. spiritensis 
L. steigervaltii 
L. wadsvorthii 



90i50 
6736 



35304 
35248 
35301 
CDC#MSH9 
7430 
33877 



TABLE 32 

HYBRIDIZATION 0? LEGIONELLA PROBES TO 
A PHYLOGENETIC CROSS SECTION OF BACTERIAL SPECIES 



Organisms ATCC# ffyofre frymrt 

Acinetobacter calcoaceticus 33604 1.4 

Branhamella catarrahalis 25238 2.0 

Bacillus subtilis 6051 1.9 

Baoteroides fragilis 23745 2.2 

Campylobacter jejuni 33560 1.2 

Chromobacterium violaceum 29094 1.3 

Clostridium perfringens 13124 1.9 

Deinoccoccus radiodurana 35073 1.8 

Derxia gummosa 15994 2.0 

Enterobacter aerogenes 13048 1.4 
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Escherichia coli 
Mycoplasma hominis 
Proteus mirabilis 
Pseudomonas cepacia 
Rahnella aquatilis 
Bhodospirillum rubruo 
Streptococcus mitis 
Vibrio parahaemolyticus 
Yersinia eziterocolitica 



11V75 
14027 
29N06 
11762 
33071 
11170 

9811 
17802 

9610 



2.0 
2.0 
2.0 
1.2 



Throe additional probe sequences (numbered 4-6) specific for the genus Legionella were obtained by 
utilizing two primers complementary to conserved regions on 23S rRNA. Sequence 4 was made from a 23S 
primer with the sequence 5'-CCT TCT CCC GAA GTT ACQ (W. Probe sequences 5 and 6 were made 
from a 23S primer of sequence 5-AAG CCG GTT ATC CCC GGG GTA ACT TTT-3*. Sequencing with these 
primers was performed as described for previous examples. 

The following three sequences were characterized by the criteria previously described and were shown 
to be specific for the genus Legionella. The phylogenetically nearest neighbors Escherichia coif . 
Pseudomonas aeruginosa , Vibrio parahaemolyticus and ActrnetobactercaJcoaceticus were used for compari- 
sons with sequences from Legionella species. 

4. GCG GTA CGG TTC TCT ATA AGT TAT GGC TAG C 

5. GTA CCG AGG GTA CCT TTG TGC T 
& CAC TCT TGG TAC GAT GTC CGA C 

Probe 4. complementary to 23S rRNA in the region corresponding to bases 1565-1620 OF E. coli 23S 
rRNA, Is 31 bases long and has a Tm of 67° C. Probe 5, complementary to 233 rRNA in the region 
corresponding to bases 2280-2330 of E. coji 23s rRNA, is 22 bases long and has a Tm of 68°C. Probe 6. 
complementary to 23S rRNA in the same region as Probe 5, is 22 bases long and has a Tm of 63° C. 

When the three probes were mixed with probe 3 above and used in a hybridization assay as described 
for probes 1-3, they were found to be specific for the genus Legionella (Table 33) and did not cross react 
with other respiratory pathogens or with any selected organism from the phylogenetic tree (Tables 34 and 
35). Using more than one probe, i.e., a mixture of probes, can improve assay sensitivity and/or increase the 
number of non-viral organisms detected. 
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Escherichia coli 
Mycoplasma hominis 
Proteus mirabilis 
Pseudomonaa cepacia 
Rahnella aquatilis 
Hhodospirillum ruhrum 
Streptococcus aitis 
Vibrio parahaemolyticus 
Yersinia enter ocolitica 



11V75 
14027 
29H06 
11762 
33071 
11170 

9811 
17802 

9610 



1.2 
1.1 
1.4 
1.1 
1.7 
2.0 
2.0 
2.0 
1.2 



Three additional probe sequences (numbered 4-6) specific for the genus Legionella were obtained by 
utilizing two primers complementary to conserved regions on 238 rRNA. Sequence 4 was made from a 23S 
primer with the sequence 5'-CCT TCT CCC GAA GTT ACQ Q-3'. Probe sequences 5 and 6 were made 
from a 23S primer of sequence 5-AAG CCG GTT ATC CCC GGG GTA ACT TTT-3*. Sequencing with these 
primers was performed as described for previous examples. 

The following three sequences were characterized by the criteria previously described and were shown 
to be specific for the genus Legionella . The phylogenetically nearest neighbors Escherichia coll, 
Pseudomonas aeruginosa. Vibrio parahaemolyticus and Actrneto bacte rcaJc oaceticus were used for compari- 
sons with sequences from Legionella species. 

4. GCG GTA CGG TTC TCT ATA AGT TAT GGC TAG C 

5. GTA CCG AGG GTA CCT TTG TGC T 

6. CAC TCT TGG TAC GAT GTC CGA C 

Probe 4. complementary to 23S rRNA in the region corresponding to bases 1585-1620 OF E. rail 23S 
rRNA, Is 31 bases long and has a Tm of 67° C. Probe 5, complementary to 23S rRNA in the region 
corresponding to bases 2280-2330 of E. cell 23s rRNA, is 22 bases long and has a Tm of 66°C. Probe 6. 
complementary to 23S rRNA in the same region as Probe 5, is 22 bases long and has a Tm of 63° C. 

When the three probes were mixed with probe 3 above and used in a hybridization assay as described 
for probes 1«3, they were found to be specific for the genus Legionella (Table 33) and did not cross react 
with other respiratory pathogens or with any selected organism from the phylogenetic tree (Tables 34 and 
35). Using more than one probe, I.e., a mixture of probes, can Improve assay sensitivity and/or increase the 
number of non-viral organisms detected. 
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TABLE 33 

HYBRIDIZATION OF LEGIONELLA PROBES TO 
LEGIONELLA SPECIES 



20 



26 



30 



35 



45 







atot# 


* Probes Bound 


L. 


anisa 


35292 


29.6 


L. 


bozemanli 


33217 


35.5 


L. 


cherrii 


35252 


29.2 


L. 


dumoffii 


33279 


26.0 


L. 


arythra 


35303 


32.0 


L. 


feelii 


CDC#9P1W044C 


32.0 


L. 


hackeliae 


35250 


39.0 


L. 


j amsstowniensis 


35298 


31.2 


L. 


jordanis 


33623 


25.7 


L. 


longbeachae 


33484 


27.6 


L. 


maceahemii 


35300 


39.3 


L. 


micdadei 


33204 


31.0 


L. 


oakridgenela 


33761 


24.4 


L* 


parisiensi 


35299 


31.2 


L. 


pneumophilia 1* 


33153 


40.0 




■ a 


33154 


38.5 




» 3 


33155 


44.6 




" 4 


33156 


48.6 




« 5 


33216 


32.0 




n 6 


33215 


43.0 




■ 7 


33823 


29.5 




« 8 


35096 


37.6 




" 11 


43130 


44.5 


L» 


rubrilucens 


35304 


30.1 


L. 


Bainthelensls 


35248 


27.0 


L. 


sainticrucis 


35301 


22.0 



50 
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L. spiritansis CDC#MSH9 40.5 

L. steigerwaltii 35302 31.7 

L. vadsvorthii 33877 30.0 



* The numbers 1-8 and 11 are serotypes of L< pneimoohilia. 



TABLE 34 



HYBRIDIZATION OF LEGIONELLA PROBES TO 
RESPIRATORY PATHOGENS 



Orcranisms 


ATCCf 


i-Prob* Bwjid 


Corynebacterium xerosis 


373 


0.13 


Haemophilum influenzae 


19418 


0.12 


Klebsiella pneumoniae 


23357 


0.13 


Neisseria meningitidis 


13090 


0.14 


Pseudomonas aeruginosa 


25330 


0.13 


Propionibacterium acnes 


6919 


0.11 


Streptococcus pneumoniae 


6306 


o.oa 


Staphylococcus auerus 


25923 


0.15 



SABLE 35 

HYBRIDIZATION OF LEGIONELLA PROBES TO 
A PHYLOGENETIC CROSS SECTION OF BACTERIAL SPECIES 



36 qgffMiCTS % Probe Bound 

Acinetobaoter calcoaceticus 33604 0.12 

Branhamella catarrabalis 25238 0.13 

Bacillus subtilis 6051 0.09 

Bacteroides fragilis 23745 0.12 

Campylobacter jejuni 33560 0.06 

Chromobacterium violaceum 29094 0.33 

Clostridium perfringens 13124 0.07 

Deinoccoccus radiodurans 35073 0.11 

Derxia gummosa 15994 0.15 

45 Bnterbbacter aerogenes 13048 0.26 

Escherichia coli 11775 0.09 

Mycoplasma hoainis 14027 0.09 

Proteus mirabllis 29906 0.09 

Pseudomonas cepacia 17762 0.20 

Rahnella aquatilia 33071 0.15 

50 Rhodospirillum rubrum 11170 0.13 

Streptococcus mitis 9811 0.07 

Vibrio parahaemolyticus 17802 O.ll 

Yersinia enterooolitica 9610 0.19 



55 
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L. spiritensis CDC#MSH9 40*5 

L. steigerwaltii 35302 31*7 

L. vadsvorthii 33877 30. 0 



* The numbers 1-8 and 11 are serotypes of i. pnaumophllia - 



TABLB 34 

HYBRIDIZATION OF LEGIONELLA PROBES TO 
RESPIRATORY PATHOGENS 

anamisna axcci % Proba sound 

Corynabaoterium xerosis 373 0.13 

Haamophilum influenzae 19418 0.12 

Klebsiella pneumoniae 23357 0.13 

Neisseria meningitidis 13090 0.14 

Pseudosonas aeruginosa 25330 0.13 

Propionibacterium acnes 6919 0.11 

Streptococcus pneumoniae 6306 0.08 

Staphylococcus auerus 25923 0.15 



TABUS 35 

HYBRIDIZATION OF LEGIONELLA PROBES TO 
A PHYL0GENETIC CROSS SECTION OF BACTERIAL SPECIES 

BBaaiaaa &££££ > Eeaha aaaa 

Ac inet abactor calcoaceticus 33604 0.12 

Branhamella catarrahalis 25238 0.13 

Bacillus subtilis 6051 0.09 

Bacteroides fragilis 23745 0.12 

Campylobacter jejuni 33560 0.06 

Chromobacterium violaceum 29094 0.33 

Clostridium perfringens 13124 0.07 

Deinoccoccus radiodurans 35073 0.11 

Dezxia gummosa 15994 0.15 

Enter obacter aerogenes 13048 0.26 

Escherichia coli 11775 0.09 

Mycoplasma hominis 14027 0.09 

Proteus mirabllis 29906 0.09 

Pseudomonas cepacia 17762 0.20 

Rahnella aquatllis 33071 0.15 

Rhodospirillum rubrum 11170 0.13 

Streptococcus mitis 9811 0.07 

Vibrio parahaemolyticus 17802 0.11 

Yersinia enter ocolitica 9610 0.19 
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counting. Table 36 shows that probes 1 and 2 hybridize well to ail serotypes of C. trachomatis tested. 
Probe 1 does not react with any strain of C. psittaci tested and probe 2 does not react with two of the 
strains. Probe 2 does react with the ovine polyarthritis strain of C . psittaci . an organism which is not known 
to infect humans. Tables 37 demonstrates the reactivity and specificity of probes 3-9 when 435 Habeled and 

s used as a mix. In this case, the hybrids were bound to cationic magnetic particles as described in Arnold et 
ai. ( U.S. Patent App. Ser. No. 020,868 filed March 2, 1987. These probes hybridize well to ail strains of C. 
trachomatis tasted and not to any strains of C. pstttaci . Probes 3-9 were further tested against a panel of 
organisms commonly found in the urogenital tract (Table 38) and a phylogenetic cross section of organisms 
(Table 39). In ail cases, the probes were shown to be specific. Probe 10 is 25% non-homologous to C. 

10 psittaci and also should be specific for C. trachomatis . 



rs 



20 



TABLE 36 

HYBRIDIZATION 07 CHLAMYDIA TRACHOMATIS PROBES 1 AND 2 

TO CHLAMYDIA RNA 

30 

I Bcafefl Baaafl 



flaaanlan Axcsi Prate* l grefr* 2 

Chlamydia trachomatis serotype C VR578 22 39 

Chlamydia trachomatis serotype E VR348B 27 48 

Chlamydia trachomatis serotype G VR878 20 44 

Chlamydia trachomatis serotype I VR880 20 42 

Chlamydia trachomatis serotype K VR887 28 45 

Chlamydia psittaci guinea pig VR813 1.2 1.4 

conjunctivitis strain 

Chlamydia psittaci ovine VR656 1,0 3.0 

abortion strain 

Chlamydia psittaci ovine poly- VR619 1.1 35.3 
arthritis strain 



45 
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TABLE 37 

HYBRIDIZATION OF CHLAMYDIA TRACHOMATIS PROBES 3-9 
WITH CHLAMYDIA rRNA 



w 



15 



20 



25 



30 









Kavio counts 


Organism 




ESSE* 




c uZ^onoziia u 1 s 


A 








a 




sou 




fid 




1 OKA 

xuoo 


C. trachomatis 


c 


VR548 


962 


C. trachomatis 


D 




1192 


C. trachomatis 


£ 


TO348 


1022 


c. trachomatis 


F 




391 


C. trachomatis 


6 


VR878 


874 


C. trachomatis 


R 




954 


c. trachomatis 


I 


VR880 


943 


C. trachomatis 


J 




482 


C. trachomatis 


K 


7R887 


999 


C. trachomatis 


LI 




638 


C. trachomatis 


L2 




301 


C. trachomatis 


L3 


VR903 


821 


C. psittaci 




VR125 


1.6 


C. psittaci 




VR629 


0.9 


C. psittaci 




VR656 


1.3 


C. psittaci 




VR813 


1.2 


♦Hatio = counts bound when SNA ©resent 





counts bound when no RNA present 
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TABLE 38 

HYBRIDIZATION OF CHLAMYDIA TRACHOMATIS PROBES 3-9 
TO ORGANISMS FOUND IN THE UROGENITAL TRACT* 



Ratio Counts 



40 



45 



SO 



55 



Oraanism 


ATCC< 
27061 


B«ind* 


Achromobacter xylosoxidans 


1.9 


Acinetobaoter lwof fii 


15309 


1*2 


Branhamella catarrhal is 


25238 


1.2 


Candida albicans 


18804 


2.4 


Flavobacterium meningoseptiaum 


13253 


1.1 


Gardnerella vaginalis 


14018 


1.3 


Lactobacillus acidophilus 


4356 


0.8 


Listeria monocytogenes 


15313 


0.7 


Mycobacterium smegmatis 
Moraxella osloensis 


14468 


1.1 


19976 


1.3 


Neisseria gonorrhoeae 


19424 


2.3 


Fasteurella multoclda 


6529 


1.0 


Peptostreptococcus anaerobius 


27337 


1.2 


streptococcus agalactiae 


13813 


4.0 


Streptococcus faecal is 


19433 


2.6 
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counts bound whan RHA prasmt 
counts bound whan no hma present 



TABU 39 

HYBRIDIZATION OF CHLAMYDIA TRACHOMATIS PROBES 3-9 
TO PHYLOGENETICALLY DIVERSE ORGANISMS - 

Ratio counts 





6051 


Baroa* 


Bacillus aubtllia 


2*2 


Bacteroides fragills 


23745 


1.6 


Campylobacter jejuni 


33560 


1.4 


Chroaabacteriua violaceum 


29094 


1.4 


Delnococcus radiodurans 


35073 


1.8 


Derxla gummosa 


15994 


1.3 


Enterobacter aerogenes 


13048 


1.9 


Escherichia coli 


11775 


1.9 


Mycoplasma fcominis 


14027 


1.3 


Pseudomonas cepacia 


17762 


2.2 


Proteus mirabilis 


29906 


2.2 


Rahnalla aquatilis 


33071 


1.9 


Rhodoapirillua rubrum 


11170 


1.9 


Vibrio parahemolyticus 


17802 


2.0 


yersinia enterocolitica 


9610 


2.5 



*Ratio - counts bound when RHA present 

counts bound when no RHA present 



•Ratio - 

5 



36 Example 12 

Campylobacters are motile! microaerophilic, gram negative curved rods. The genus Is quite diverse and 
distinct from other genera Although the genus is well defined, some revision is occurring at the species 
level (Romaniuk, PJ. et al„ J. Bacterid. 168:2137-2141 (1987). Three Campylobacter species, Campylobac- 
^ ter jejuni . C. coil and C. laridis . cause enteritis in humans- The cfisease Includes diarrhea, fever, nausea, 
abdominal pain and in some cases, vomiting. These organisms cause an estimated 2 million infections per 
year in the United States (estimate based on the number of Salmonella and Shigella induced cases of 
diarrheal disease). Other members of the genus cause septicemias in humans end abortion and infertility in 
sheep and cattle. 

45 Diagnosis of Campylobacter enteritis is currently dependent upon growth and isolation of the organism 
in culture, followed by a number of biochemical tests. Optimum growth of Campylobacters requires special 
conditions such as low oxygen tension and high temperature (42°C). No single set of conditions is 
recommended for isolation of all Campylobacter species. 

The oligonucleotide sequences listed below, when used in a hybridization assay, hybridize to the 16S 

30 rRNA of the Campylobacter species of interest The present invention has significant advantages over the 
prior art methods of detection of Campylobacter because one probe can detect all Campylobacters of 
Interest the other two probes detect the enteric Campylobacters and one can detect human isolates of 
Campylobacter. In addition, the probes have advantages over the prior art in terms of ease of the assay and 
greatly reduced time to identification and therefore, diagnosis. 

55 The four probes which hybridize to the 16S rRNA of Campylobacter species of interest were 
constructed using three unique primers complementary to 16S rRNA Sequences 1 and 2 were made using 
a 1BS primer with the sequences 5'-GTA TTA CCG CGQ CTQ CTQ QCA C-3*. Sequence 3 was made using 
a 16S primer with the sequence 5'-CCG CTT GTG CGG GCC CCC GTC AAT TC-3*. Sequence 4 was made 
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connta bound whan RHA nrasant 
counts bound whan no RHA present 



TABLE 39 

HYBRIDIZATION OF CHLAMYDIA TRACHOMATIS PROBES 3-9 
TO PHYLOGENETICALLY DIVERSE ORGANISMS. 

Ratio Counts 



Organism 




BSUBd* 


Bacillus subtilis 


6051 


2.2 


Bacteroides fragilis 


23745 


1*6 


Campylobacter jejuni 


33560 


1.4 


Chroaabacteriua violaceum 


29094 


1.4 


Deinococcus radlodurans 


35073 


1.8 


Derxia gummosa 


15994 


1*3 


Snterobacter aerogenes 


13048 


1.9 


Escherichia coll 


11775 


1.9 


Mycoplasma hominis 


14027 


1.3 


Pseudomonas cepacia 


17762 


2.2 


Proteus mirabilis 


29906 


2.2 


Rahnalla aquatilis 


33071 


1.9 


Rhodospirillum rubrum 


11170 


1.9 


Vibrio parahaamolyticus 


17802 


2.0 


Yersinia enterocolitica 


9610 


2.5 



*Ratio - CTUntfl frWfflfl WhOT BHft PTMfflt 

counts bound when no RHA present 



•Ratio - 

5 



35 Example 12 

Campylobacters are motile, microaerophilic, gram negative curved rods. The genus is quite diverse and 
distinct from other genera. Although the genus is well defined, some revision is occurring at the species 
level (Romaniuk, P.J. et a]., J, Bacterid. 169:2137-2141 (1987). Three Campylobacter species, Campyiobac- 
4, ter jejuni . C. coil and C. larjdis . cause enteritis in humans. The cfisease includes diarrhea, fever, nausea, 
abdominal pain and In some cases, vomiting. These organisms cause an estimated 2 million infections per 
year In the United States (estimate based on the number of Salmonella and Shigella induced cases of 
diarrheal disease). Other members of the genus cause septicemias in humans and abortion and infertility in 
sheep and cattle. 

45 Diagnosis of Campylobacter enteritis is currently dependent upon growth and isolation of the organism 
in culture, followed by a number of biochemical tests. Optimum growth of Campylobacters requires special 
conditions such as low oxygen tension and high temperature (42°C). No single set of conditions is 
recommended for isolation of all Campylobacter species. 

The oligonucleotide sequences listed below, when used in a hybridization assay, hybridize to the 18S 

50 rRNA of the Campylobacter species of interest. The present invention has significant advantages over the 
prior art methods of detection of Campylobacter because one probe can detect all Campylobacters of 
interest: the other two probes detect the enteric Campylobacters and one can detect human isolates of 
Campylobacter. In addition, the probes have advantages over the prior art in terms of ease of the assay and 
greatly reduced time to identification and therefore, diagnosis. 

55 The four probes which hybridise to the 16S rRNA of Campylobacter species of interest were 
constructed using three unique primers complementary to 18S rRNA. Sequences 1 and 2 were made using 
a 16S primer with the sequences 5'-GTA TTA CCG CGQ CTG CTG GCA C-3'. Sequence 3 was made using 
a 16S primer with the sequence 5'-CCG CTT GTG CGG GCC CCC GTC AAT TC-3'. Sequence 4 was made 
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the genus Pseudomonas are particularly Important to identify In a clinioal sample because of the resistance 
of the organisms to antibiotics. Nucleic acid homology studies have divided the genus into five homology 
classes known as RNA groups l-V. Sghty*three percent of all diracal isolates of Pseud omonas are from 
RNA group I and Pseudomonas aeruginosa is by far the most common species isolated, 

5 Current methods of detection of pseudomonas require culture of a patient sample for 24-72 hours, 
followed by a battery of biochemical tests. The oligonucleotide sequence below, when used in a hybridiza- 
tion assay, detects the clinical ly important group I pseudomonas. The present invention reduces the number 
of tests which must be run on a sample, and reduces the time to detection. This represents a significant 
improvement over prior art methods. 

io The sequence was obtained with a primer complementary to a conserved region on 23S rRNA with the 
sequence 5-CTT TCC CTC ACQ GTA-3'. The following sequence was shown to detect group I 
pseudomonads: 

1. CAQ ACA AAQ TTT CTC QTQ CTC CGT CCT ACT CQA TT 

The probe Is 35 bases in length and has a Tm of 70°C. It is capable of hybridizing to the RNA of group 
75 I Pseudomonas in the region corresponding to bases 385-405 of E. coli 23s rRNA. To demonstrate the 
reactivity and specificity of the probe, it was used in a hybridizationassay. ^P^end^abeled oligonucleotide 
was mixed with RNA released from at least 10 7 organisms by standard methods in 0*48 M sodium 
phosphate pH 63, 1% sodium dodecyi sulfate, 1 mM EDTA, 1 mM EGTA and incubated at 65°C for two 
hours. After incubation, the RNA:DNA hybrids were bound to hydroxyapatite as described for previous 
20 examples and the radioactivity bound was determined by scintillation counting. Table 44 demonstrates that 
the probe reacted well with ail 8 species of group I pseudomonads that were tested. The probe did not 
react with RNA from group II or group V organisms. A low reaction was seen with Pseudomonas 
acidovorans, a group III organism which represents < 1% of all isolates of nonfermentative bacilli from 
clinical samples. Table 45 demonstrates that the probe does not react with other closely related organisms 
25 which were tested. 



30 



35 



40 



46 



50 



55 



49 



0272 009 



sample, the time to identification and therefore, diagnosis, and thus represents a significant improvement 
over prior art methods. 

The probe specific for Enterobacter cloacae was obtained with a primer complementary to a conserved 
region of 23S rRNA with the sequence 5-CAG TCA GGA QTA TTT AGO CTT-'3. 
5 The following sequence was characterized and shown to be specific for E. cloacae . The phylogenetical- 
ly nearest neighbors Escherichia coli , Klebsiella pneumoniae « Proteus vulgaris, Salmonella enteritldis . and 
Citrobacter freundii were used as comparisons with the sequence of §. cloacae . 
1 . GTG TGT TTT CGT GTA CGG GAC TTT CAC CC 

The probe Is 29 bases in length and has a Tm of 68°C. It is capable of hybridizing to RNA of § 
ro cloacae in the region corresponding to bases 305-340 of E. coli 23s rRNA. To demonstrate the reactivity 
and specificity of the probe for § cloacae, it was used in a hybridization assay. *P-end-labeled 
oligonucleotide probe was mixed with RNA released from at least 10 7 organisms in 1% sodium dodecyi 
sulfate, 0.48 M sodium phosphate, pH 6.8 (0.2 ml final volume) and incubated at 60°C for 2 hours. 
Following incubation, 5 ml of 2% hydroxyapatite, 0.12 M sodium phosphate pH 6.8, 0.02% sodium dodecyi 
T5 sulfate was added and the mixture incubated at 60°C for 10 minutes. The sample was centrifuged and the 
supernatant removed. Five ml of wash solution (0,12 M sodium phosphate, pH 6.8, 0.02% sodium dodecyi 
sulfate) was added, the sample vortexed, centrifuged and the supernatant removed. The amount of 
radioactivity bound to the hydroxyapatite was determined by scintillation counting, The results are shown In 
Table 48 and demonstrates that the probe reacts well with EL cloacae and does not react with the RNA of 
20 closely related organisms. 



TABLE 46 

HYBRIDIZATION OF ENTEROBACTER CLOACAE PROBE 
TO CLOSELY RELATED ORGANISMS 







t Probe 


Qraanlma mmh« 




Bound 


Citrobacter freundii 


8090 


1.8 


Enterobacter aerogenea 


13048 


1.4 


Enterobacter cloacae 


13047 


27, 


Escherichia coli 


11775 


1.0 


Klebsiella pneumoniae 


13883 


1.7 


Proteus nirabilis 


29906 


0.9 


Proteus vulgaris 


13315 


0.6 


Providencia stuartii 


29914 


1.1 



40 

Table 47 shows that the probe does not react with the RNA of organisms found in urine. 
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TABLE 47 

5 

HYBRIDIZATION OF EHTEROBACTER CLOACAE 
PROBE TO ORGANISMS FOUND IN URINE. 







% Probe 




ATCC* 


Bound 


Candida albicans 


18804 


0.8 


Candida krusei 


34135 


0.8 


Candida parapeiloais 


22019 


0.9 


Candida tropicalis 


750 


1.1 


Pseudomonas aeruginosa 


10145 


1.0 


Serratia marcaseena 


13880 


1.6 


Staphylococcus aureus 


12600 


1.7 


Staphylococcus epidermidis 


14990 


1.4 


Streptococcus agalactia^ 


13813 


2.5 


Streptococcus faeciua 


19434 


1.5 


Torulopsis glabrata 


2001 


0.9 



Example 16 

25 

Members of the genus Proteus are motile, gram negative, non-sporeformmg bacilli which belong in the 
family Ehterobacteriaceae . Four species of Proteus have been described and three of them, Proteus 
mirabilis, P. vulgaris , and P. penned , cause human disease. 

The most common type of proteus Infection Involves the urinary tract but septicemia, pneumonia and 

to wound Infections also occur- Proteus mirabilis is the species most often Isolated and may account for up to 
10% of all acute, uncomplicated urinary tract infections. Species, rather than genus level identification of the 
causative organism is desirable because of tifferential antibiotic susceptibility among the species. 

The current method for identifying Proteus mrrabiKs from patient samples involves culture of the 
specimen on agar plates for 18-24 hours, followed by a battery of biochemical tests. The oligonucleotide 

35 sequence described below, when used as a probe in a nucleic add hybridization assay, accurately 
identifies Proteus mirabilis. The present invention reduces the number of tests which must be run on a 
sampfe, the time to identification and therefore, diagnosis and treatment This represents a significant 
improvement over prior art methods. 

The probe specific for Proteus mirabilfs was obtained with a primer complementary to a conserved 

<o region of 23S rRNA with the sequence 5--CAG TCA QGA GTA TTT AQC CTT-3'. 

The following sequence was characterized and shown to be specific for P. mirabilis . The 
phylogeneticafly nearest neighbors Escherichia coji. Klebsiella pneumoniae . Proteus vulgaris and Salmo- 
nella enteritidis were used as comparisons with the sequence of Proteus mirabifis . 
1.CCG TTC TCC TGA CAC TGC TAT TGA TTA AGA CTC 

45 This probe is capable of hybridizing to the RNA of P. mirabiiis in the region corresponding to base 270- 
305 of E. coil 238 rRNA. The probe is 33 bases in length and has a Tm of 66°a To demonstrate the 
reactivity and specificity of the probe for P. mirabilis , it was used in a hybridization assay. ^P-end-fabeled 
oligonucleotide probe was mixed with RNA released from at least 10 7 organisms in 1% sodium dodecyl 
sulfate. 0.48 M sodium phosphate. pH 8.8, 1 mM EDTA, 1 mM EGTA (02 ml final volume) and incubated at 

so 64° C for 2 hours. Following incubation, 5 ml of 2% hydnoxyapattte, 0.12 M sodium phosphate pH 6.8, 
0.02% sodium dodecyl sulfate was added and the mixture incubated at 64°C for 10 minutes. The sample 
was centrtfuged and the supernatant removed. Five ml of wash solution (0.12 M sodium phosphate. pH 6.8. 
0.02% sodium dodecyl sulfate) was added, the sample vortexed. centrifuged and the supernatant was 
removed. The amount of radioactivity bound to the hydroxyapatite was determined by scintillation counting. 

ss The results are shown in Table 48 and demonstrate that the probe reacts well with P. mirabilis and does not 
react with 27 other closely related bacteria. Table 46 shows that the probe does not react with 24 other 
phylogeneticafly diverse bacteria and two yeasts tested in the same manner as the organisms in Table 48. 
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TABLE 48 

HYBRIDIZATION OF PROTEUS KERABILIS PROBE 
TO CLOSELY BELATED ORGANISMS 







% Probe 




AlCSt 


Bound 


Citrobacter diveraus 


27156 


1.1 


Citrobacter freundii 


8090 


1.1 


Citrobacter freundii 


6750 


1.0 


Enterobacter aerogenes 


13046 ' 


1.0 


Enterobacter agglomerans 


27155 


1.0 


Enterobacter cloacae 


el3047 


1.1 


Enterobacter gergoviae 


33028 


1.0 


Enterobacter eaJcazakii 


29544 


1.1 


Escherichia coli 


10798 


1.2 


Escherichia coli 


11775 


1.2 


Escherichia coli 


29417 


1.2 


Klebsiella oxytoca 


13182 


1.0 


Klebsiella ozaenae 


11296 


1.1 


Klebsiella planticola 


33531 


0.9 


Klebsiella pneumoniae 


13883 


1.3 


Klebsiella pneumoniae 


23357 


1.1 


Klebsiella rhinoscleromatis 


13684 


1.2 


Klebsiella terrigena 


33257 


1.1 


Klebsiella trevisanii 


33558 


1.0 


Kluyvera ascorbata 


33433 


0.9 


Proteus mirabills 


25933 


69.0 


Proteus penneri 


33519 


2.5 


Proteus vulgaris 


13315 


1.7 


Providencia alcalifaciens 


9886 


1.1 


Providencia rettgeri 


29944 


1.3 


Providencia stuartii 


29914 


1.1 


Salmonella arizonae 


29933 


1.1 


Salmonella enteritidis 


13076 


0.8 



TABLE 49 

HYBRIDIZATION OF PROTEUS MTRABILIS PROBE TO 
PHYLOGENETICAIiY DIVERSE ORGANISMS 







% Probe 




ATCCl 




Acinetobacter calcoaceticus 


33604 


0.8 


Bacillus subtilis 


6051 


1.2 


Bacteroides fragilis 


23745 


0.9 


Branhamella catarrhal is 


25238 


0.7 


Campylobacter jejuni 


33560 


1.0 


Candida krusei 


34135 


0.8 


Chromobacterium violacaum 


29094 


1.1 


Clostridium perfringens 


13124 


0.9 


Deinococcus radiodurans 


35073 


0.8 
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TABLE 48 

HYBRIDIZATION OF PROTEUS KERABILIS PROBE 
TO CLOSELY RELATED ORGANISMS 







% Probe 


ATCC* 


Bound 


Citrobacter dl versus 


27156 


1.1 


Citrobacter freundii 


8090 


1.1 


Citrobacter freundii 


6750 


1.0 


Enterobacter aerogenes 


13048 ' 


1.0 


Enterobacter agglomerana 


27155 


1.0 


Enterobacter cloacae 


el3047 


1.1 


Bnterobacter gergoviae 


33028 


1.0 


Enterobacter saJcazakii 


29544 


1.1 


Escherichia coli 


10798 


1.2 


Escherichia coli 


11775 


1.2 


Escherichia coli 


29417 


1.2 


Klebsiella oxytoca 


13182 


1.0 


Klebsiella ozaenae 


11296 


1.1 


Klebsiella planticola 


33531 


0.9 


Klebsiella pneumoniae 


13883 


1.3 


Klebsiella pneumoniae 


23357 


1.1 


Klebsiella rhinoscleromatis 


13884 


1.2 


Klebsiella terrigena 


33257 


1.1 


Klebsiella trevioanii 


33558 


1.0 


Kluyvera ascorbata 


33433 


0.9 


Proteus mirabilia 


25933 


69.0 


Proteus penneri 


33519 


2.5 


Proteus vulgaris 


13315 


1.7 


Providencia alcalifaciens 


9886 


1.1 


Providencia rettgeri 


29944 


1.3 


Providencia stuartii 


29914 


1.1 


Salmonella arizonae 


29933 


1.1 


Salmonella enteritidis 


13076 


0.8 



TABLE 49 

HYBRIDIZATION OF PROTEUS KERABILIS PROBE TO 
PHYLOGENETICALLY DIVERSE ORGANISMS 



% Probe 

Organism Nana &X££i Bound 

Acinetobacter calcoaceticus 33604 0.8 

Bacillus subtilis 6051 1.2 

Bacteroides fragilis 23745 0.9 

Branhamella catarrhal is 25238 0.7 

Campylobacter jejuni 33560 l.o 

Candida krusei 34135 - 0.8 

Chromobacterium violaceum 29094 1.1 

Clostridium perfringens 13124 0.9 

Deinococcus radiodurans 35073 0.8 
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phosphate pH 6.8, 0.02% sodium dodecyl sulfate) was added and the samples were vortexed. centrifuged. 
and the supernatants removed. The amount of radioactivity bound to the hydroxyapatite was determined by 
scintillation counting. The results shown in Table 50 indicate that a combination of the two probes 
hybridized to the 5 subgroups of Salmonella and to all 31 of the serotypes which were tested. 



TABLE 50 

HYBRIDIZATION OF BARTONELLA PROBES 1 AND 2 
TO MEMBERS OF THE GENUS SALMONELLA 



% Probe Bound 

Subgroup orsanisa aiCCi Probe l Prgfrg 2 



I 


salmonella choleraesuis 


10708 


24 


40 


I 


Salmonella enteritidis 


13076 


15 


67 




Salmonella paratyphi A 


9150 


1.4 


70 




Salmonella sp. 


serotype 


9270 


40 


26 




ana tun 












salmonella sp. 


serotype 


X2007 


54 


35 




cubana 










Salmonella sp. 


serotype give 


9268 


12 


40 




Salmonella sp. 


serotype 


8326 


53 


33 




hsldalberg 










Salmonella sp. 


serotype 


11646 


36 


46 




Illinois 










Salmonella sp. 


serotype 


8387 


35 


32 




montevideo 








I 


Salmonella sp. 


serotype 


29628 


52 


34 




nevlngton 








I 


Salmonella sp. 


serotype 


6962 


3.4 


36 


I 


newport 
Salmonslla sp. 


serotype 


15787 


34 


39 




putten 








I 


Salmonella sp. 


serotype 


9712 


28 


30 




salntpaul 
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10 



is 



20 



25 



I 
I 
I 
I 



I 
I 
II 
II 

III 
III 
III 
III 
III 
III 

IV 
IV 



Salmonella sp. serotype 

senftenberg 
Salmonella sp. serotype 

siasbury 
Salmonella sp. serotype 

sloterdljk 
Salmonella sp. serotype 

thompson 
Salmonella sp. serotype 

vellore 
Salmonella typhi 
Salmonella typhimurium 
Salmonella salamae 
Salmonella sp. serotype 



Salmonella arizonae 
Salmonella ariaonae 
Salmonella arizonae 
Salmonella arizonae 
Salmonella arizonae 
Salmonella arizonae 
Salmonella sp. serotype 

harmelen 
Salmonella sp. serotype 

ochsenzoll 
Salmonella sp. serotype 

bongor 



8400 
12004 
15791 

8391 

15611 

19430 
14028 
6959 
15793 

33952 
12324 
29933 
29934 
12323 
12325 
15783 

29932 

Cdcl319 



38 

29 

34 

32 

35 

7.0 
69 
3.0 
6.6 

2.9- 

5.5 

2.3 

63 

4.0 

51 

5.8 

7.5 

60 



43 

29 

30 

41 

2.6 

21 
69 
46 
30 

38 

42 

62 

12 

39 

1.9 

8.0 

40 

1.8 



5 . 



The specificity of the probes for members of the genus Salmonella was demonstrated with hybridization 
reactions containing RNA from organisms closely related to Salmonella, The results are shown in Table 51. 
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TABLE 51 

HYBRIDIZATION OF SAIMONELLA PROBES 1 AND 2 
TO RNA OF CLOSELY RELATED ORGANISMS 



50 



Organism 

Citrdbacter freundii 
Edwards iel la tarda 
Enterobacter agglomerans 
Enterobacter cloacae 
Enterobacter eakazakii 
Escherichia coll 
Escherichia coli 
Klebsiella pneumoniae 

Xluyvera ascorbata 
Proteus mirabilis 
Shigella f lexneri 



ATCC* 

6750 
15947 
27155 
13047 
29544 
10798 
29417 
23357 

33433 
25933 
29903 



% Probe Bound 
mfre 1 Prate 2 



2-2 

0 

0.6 
0 
0 
0 
0 

0.7 
0 

0.2 
0 



0 
0 
0 
0 
0 
0 
0 
0 

0.5 
0 
0 



*% Probe Bound - counts bound to hydroxy apatite - counts bound 
-when no RNA present/total counts used in assay 
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Table 52 shows that Salmonella probes 1 and 2 do not hybridize to phylogenetfcaily diverse organisms. 



TABLE 52 



HYBRIDIZATION OF SALMONELLA PROBES 1 AND 2 TO 
UNA OF A PHYLOGENETIC CROSS SECTION OF ORGANISMS 



10 



15 



20 



25 



30 



Acinetobacter calcoacaticus 
Bacillus subtil Is 
Bacteroides fragilis 
Branhamella catarrhalis 
Campylobacter jejuni 
Candida krusei 
Chromobacterium violacaum 
Clostridium perfringens 
Deinococcus radiodurans 
Derxia gummosa 
Hafnia alvei 
Korganelli morgan! i 
Pseudoaonas asruginosa 
Pseudomonas cepacia 
Pssudotmonas maltophilia 
Rahnella aquatilis 
Rhodospirillum rubrum 
Serratia marcescsns 
Serratia odorif era 
Staphylococcus aureus 
Staphylococcus epidermidis 
Streptococcus mitis 
Streptococcus pneumoniae 
Torulopsis glabrata 
Vibrio parahaemolyticus 
Yersinia enterocolitica 



ATCC# 

33604 

6051 
23745 
25238 
33560 
34135 
29094 
13124 
35073 
15994 
13337 
25830 
10145 
17762 
13637 
33071 
11170 
13880 
33077 
el2600 
14990 

9811 
S6306 

2001 
17802 

9610 



% Probe Bound* 
Probe i and aafcg 3 



1.1 
o 

o.i 

0.9 

o 

0.4 
1.7 
0.3 
1.6 
1.2 
1.8 
0 

0.5 
0 

1.9 
1.2 
0.9 
0 

2.6 
0.2 
0 

1.2 
0 
0 
0 
0 



0.1 
0.5 
0 
0 

0.2 
0.3 
0 
0 

0.1 
0 
0 

1.1 
0.7 
0 
0 

0.3 
0 
0 

0.2 
0 
0 

0.7 
0 
0 

0.2 
0 
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+% Probe Bound "Counts bound to bydroxyapatite - counts bound 
when no RNA present/total counts used in assay 



Example 18 

Escherichia cofj is a gram negative, nonsporeforming bacillus which belongs in the family Enterobac- 
teriaceae . Five species of Escherichia have been described: E. coli, which accounts for >99% of the clinical 
isolates. E. hermanji, § . blattae , E. vulneris and E. ferpusonii. E. coli is a leading cause of urinary tract 
infections, bactermia and neonatal meningitidis, and can cause a type of gastroenteritis known as traveller's 
50 diarrhea. 

The current method for identifying E. coli from patient samples involves culture of the specimen on agar 
plates for 13-72 hours, followed by a battery of biochemical tests on isolated colonies. The oligonucleotide 
sequence described below, when used as a probe In a nucleic acid hybridisation assay, accurately detects 
E- coli even in the presence of other organisms. The present invention reduces the number of tests which 
55 must be run on a sample and reduces the time to identification and therefore diagnosis and treatment This 
represents a significant improvement over prior art methods. 

The probe specific for E. coli was derived from the published E coli sequence (Brosius. et ai. Proc. Natl. 
Acad. Sci. U.SA 75:4801-4805 (1978)), using Proteus vulgaris (Carbon, et al., Nye, Acids Res. 9:2325-2333 
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TABLE S3 

5 

HYBRIDIZATION OP E. coli TO ESCHERICHIA SPECIES 





ATCC* 


* Bafefl Baanfl 


Escherichia coli 


10798 


70 


E. coli 


11775 


67 


E. call 


23722 


58 


E* coli 


25404 


68 


E. coli 


25922 


55 


E. coli 


29417 


72 


E. aoli 


33780 


0*8 


E. coli 


35150 


45 


E. fergusonii 


35469 


55 


E. hermanii 


33650 


0.7 


E. vulneris 


33821 


0.8 




TABLE 54 




HYBRIDIZATION OF THE E. coli PROBE TO 


CLOSELY RELATED ORGANISMS 






meet 


i gsafafl Bfland 


Citrobacter fraundii 


6750 


0.8 


Citrobacter fraundii 


8090 


0.9 


Citrobactar fraundii 


29221 


0.6 


citrobacter fraundii 


33128 


0.6 


Entarobaeter aerogenes 


13048 


1.2 


Entarobacter agglomerans 


27155 


0.9 


Entarobaeter cloacae 


13047 


0.9 


Entarobacter gergoviaa 


33023 


0.7 


Entarobaeter aakazafcii 


29544 


0.6 


Klebsiella oxytoca 


13182 


0.7 


Klebsiella pneumoniae 


13883 


0.7 


Proteus mirabilis 


29906 


0.7 


Proteus vulgaris 


13315 


0.8 


Shibella boydii 


8700 


76 


Shigella dysenteriae 


13313 


0.8 


Shigella flexneri 


29903 


71 


Shigella sonnei 


29930 


75 



Example 19 

The bacteria encompass a morphologically and physiologically diverse group of unicellular organisms 
which occupy most natural environments. Although many bacteria are harmless or beneficial to their 
environment or host, some are harmful and cause disease. Hie presence of any bacteria in some locations 
is undesirable or indicative of disease (e.g., culture media, pharmaceutical products, body fluids such as 
blood, urine or cerebrospinal fluid, and tissue biopsies). Low levels of bacteria are considered acceptable in 
other products such as drinking water and food products. Accordingly, there is a need for a means for 
detecting and quantitating bacteria in a sample. 

The current method of detection and quantitation of total bacteria in a sample requires culture on 
multiple types of mecfia under different conditions of temperature and atmosphere. To date, no single test 
exists to detect or quantttate all bacteria The oligonucleotide sequences shown beiow, when used in a 
hybridization assay, detect a broad phylogenetic cross section of bacteria. The present invention reduces 
the number of tests which need to be performed and also reduces the time required for the assay. 
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TABLE S3 



HYBRIDIZATION OF B. coli TO ESCHERICHIA SPECIES 





ATCCi 


1 Bate Bound 


Escherichia coli 


10798 


70 


E. coli 


11775 


67 


E. COli 


23722 


58 


E. coli 


25404 


68 


E. coli 


25922 


55 


E. coli 


29417 


72 


E. coli 


33780 


0*8 


E. coli 


35150 


45 


E« fergusonii 


35469 


55 


E. hermanii 


33650 


0.7 


S. vainer is 


33821 


0.8 




TABLE 54 




HYBRIDIZATION OF THE E. coli PROBE TO 


CLOSELY 


RELATED ORGANISMS 




Qgcf&niffp 


ATCCf 


* Bcgfefl Bganfl 


citrobacter fraundii 


6750 


0.8 


Citrobacter fraundii 


8090 


0.9 


Citrobacter fraundii 


29221 


0.6 


Citrobacter fraundii 


33128 


0.6 


Entarobacter aerogenes 


13048 


1.2 


Entarobacter agglomerans 


27155 


0.9 


Entarobacter cloacae 


13047 


0.9 


Entarobacter gergoviae 


33023 


0.7 


Entarobacter aakazalcii 


29544 


0.6 


Klebsiella oxytoca 


13182 


0.7 


Klebsiella pneumoniae 


13883 


0.7 


Proteus mirabilis 


29906 


0.7 


Proteus vulgaris 


13315 


0.8 


Shibella boydil 


8700 


76 


Shigella dysenteries 


13313 


0.8 


Shigella flaxneri 


29903 


71 


Shigella sonnei 


29930 


75 



Example 19 

The bacteria encompass a morphologically and physiologically diverse group of unicellular organisms 
which occupy most natural environments. Although many bacteria are harmless or beneficial to their 
environment or host, some are harmful and cause disease. The presence of any bacteria In some locations 
is undesirable or indicative of disease (e.g., culture media, pharmaceutical products, body fluids such as 
blood, urine or cerebrospinal fluid, and tissue biopsies). Low levels of bacteria are considered acceptable in 
other products such as drinking water and food products. Accordingly, there is a need for a means for 
detecting and quamitating bacteria in a sample. 

The current method of detection and quantitation of total bacteria in a sample requires culture on 
multiple types of media under different conditions of temperature and atmosphere. To date, no single test 
exists to detect or quantitate all bacteria The oligonucleotide sequences shown below, when used in a 
hybridization assay, detect a broad phylogenetlc cross section of bacteria. The present invention reduces 
the number of tests which need to be performed and also reduces the time required for the assay. 
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5 



to 



19 

TABLE 55 

HYBRIDIZATION OF BACTERIAL PROBE 1 
TO RHA OF ORGANISMS FOUND IN URINE 

20 



Oraanism 


ATCC* 
18804 


% Probe* 
Bound 


Candida albicans 


2.6 


Candida kruaai 


34135 


2*2 


Candida parapsilosis 


22019 


2.9 


Candida trppioalis 


750 


2.5 


Citrobactar freundii 


8090 


69 


Enterobactar aerogenas 


13048 


70 


Enterobacter cloacaa 


13047 


71 


Escherichia coli 


11775 


67 


Klebsiella oxytoca 


13182 


70 


Klebsiella pneumonias 


13883 


72 


Horganalla norganii 


25830 


66 


Proteus mirabilis 


29906 


71 


Proteus vulgaris 


13315 


67 


Provldsnoia stuartii 


29914 


69 


Pseudo&onas aeruginosa 


10145 


76 


Pseudomonas fluorescens 


13525 


73 


Serratia narcescens 


13880 


66 


Staphylococcus aureus 


12600 


57 


Staphylococcus epidermidis 


14990 


68 


Streptococcus agalactia© 


13813 


68 


Streptococcus faecalis 


19433 


51 


Streptococcus faecium 


19434 


53 


Torulopsis glabrata 


2001 


2.3 


Ureaplasaa urealyticum 


27618 


54 



45 



50 



55 
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TABLE 56 

HYBRIDIZATION OF BACTERIAL PROBE 1 TO RNAs 
OF A CROSS SECTION OF PHYLOGENETICALLY DIVERSE ORGANISMS • 



% Probe* 

Organism ftTCCf BflUIld 



Acinetobacter calcoaceticus 


23055 


65 


Bacillus subtilis 


6051 


73 


Baoteroides fragilis 


23745 


61 


Branhamella catarrhal is 


25238 


72 


Campylobacter jejuni 


33560 


64 


Chlamydia trachomatis 


VR878 


14 


Chromabacterium violaceum 


29094 


71 


Clostridium perfringens 


13124 


74 


Corynebacterium xerosis 


373 


38 


Deinococcus radiodurans 


35073 


47 


Derxia gummosa 


15994 


65 


Gardnerella vaginalis 


14018 


67 


Hafnia alvei 


13337 


60 


Lactobacillus acidophilus 


4356 


56 


Moraxella osloensis 


19976 


61 


Mycobacterium smegmatis 


14468 


47 


Mycoplasma hominis . 


14027 


58 


Neisseria gonorrhoeae 


19424 


58 
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Rahnella aqoatilie 33071 74 

BhodospiriUum rubrua 11170 73 

Vibrio parahemolyticus 17802 75 

Hunan 2*5 



Table 57 shows that Probe 2 hybridizes to the RNA of bacteria commonly found in urine except 
Ureaplasma urealyicum and does not hybridize to yeast rRNA. 

TABLE 57 



HYBRIDIZATION OF BACTERIAL PROBE 2 
TO RNA OF ORGANISMS FOUND IN URINE 



Qggmiaa 


ATCCi 
18804 


tProbe* 

Bound 


Candida albicans 


2.5 


Candida krusei 


34135 


1.8 


Candida parapsilosis 


22019 


1.6 


Candida tropicalis 


750 


1.4 


citrobacter freundii 


8090 


61 


Enterobacter aeroganes 


13048 


57 


Enterobacter cloacae 


13047 


61 


Escherichia coli 


11775 


67 


Klebsiella oxytoca 


13182 


67 


Klebsiella pneumoniae 


13883 


51 


Morganella morgan ii 


25830 


69 


Proteus mirabilis 


29906 


. 69 


Proteus vulgaris 


13315 


69 


Provldencia stuartii 


29914 


66 


Pseudomonas aeruginosa 


10145 


59 


Pseudomonas f luorescens 


13525 


58 


Serratia marcescens 


13880 


64 


Staphylococcus aureus 


12600 


60 


Staphylococcus epidermidis 


14990 


60 


Streptococcus agalactiae 


13813 


54 


Streptococcus faecal is 


19433 


37 


Streptococcus f aecium 


19434 


58 


Torulopsis glabrata 


2001 


1.5 


Ureaplasma urealyticum 


27618 


3.2 



Table 58 shows that probe 2 detects phylogenetically diverse bacteria and does not hybridize to human 
rRNA. 



63 



Q 272 009 



TABLE 58 

HYBRIDIZATION O? BACTERIAL PROBE 2 TO RNAS 
OF A CROSS SECTION OF PHYLOGENETICALLY DIVERSE ORGANISMS • 

% Probe* 



Qrgaaisa AXSCi .Bwna 

Acinetobacter calcoaceticus 23055 76 

Bacillus subtills 6051 75 

Bactaroidas fragilis 23745 2*0 

Branhamella catarrfaalis 25238 70 

Campylobacter jejuni 33560 2.5 

Chlamydia trachomatis VR878 16 

Chramobacterium violaceum 29094 61 

Clostridium perfringens 13124 66 

Corynebacterium xerosis 373 3.8 

Deinococcus radiodurans 35073 6.0 

Derxia gummosa 15994 61 

Gardnerella vaginalis 14018 2.0 

Hafnia alvei 13337 72 

Lactobacillus acidophilus 4356 50 

Moraxella osloensis 19976 64 

Mycobacterium smegma tis 14468 19 

Mycoplasma hominis 14027 34 

Neisseria gonorrhoeae 19424 71 

Rahnella aguatilis 33071 77 

Rhodospirillum rubrum 11170 1.5 

Vibrio parahaemolyticus 17802 73 

yersinia enterocolitica 9610 76 

Human 2. 0 



Table 59 shows that probe 3 hybridizes to the RNA of bacteria commonly found in urine and does not 
detect yeast rRNA. 



TABLE 59 

HYBRIDIZATION OF BACTERIAL PROBE 3 TO RNA OF 
ORGANISMS FOUND IN URINE. 



Organism 

Candida albicans 
Candida krusei 
Candida parapsilosis 
Candida tropicalis 
Citrobacter freundii 





% Probe* 


ATCCt 




18804 


1.4 


34135 


1.5 


22019 


2.2 


750 


2.6 


8090 


79 
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Enterobacter aarogenes 


13048 


40 


Enterobacter cloacae 


13047 


44 


Escherichia coll 


11775 


67 


Klebsiella oxytoca 


13182 


38 


Klebsiella pneumoniae 


13883 


45 


Morgans 11a morganii 


25830 


57 


Proteus mirabilis 


29906 


40 


Proteus vulgaris 


13315 


51 


Providencia stuartii 


29914 


54 


Pseudononas aeruginosa 


10145 


61 


Pseudomonas fluorescens 


13525 


56 


Sfttratia naxceficens 


1 IRflfl 
1JOOU 




Staphylococcus aureus 


12600 


37 


Staphylococcus epidermidis 


14990 


20 


Streptococcus agalactiae 


13813 


34 


Streptococcus faecal is 


19433 


20 


Streptococcus faecium 


19434 


47 


Torulopsis glabrata 


2001 


1.9 


Ureaplasma ureal yticum 


27618 


26 



Table 80 shows that probe 3 detects phylogenetlcally diverse bacteria and does not hybridize to human 
rRNA. 



TABLE 60 



HYBRIDIZATION 0? BACTERIAL PROBE 3 TO RNAs 
OF A CROSS SECTION OF FBYL06ENBTICALLY DIVERSE ORGANISMS. 







% Probe 


QHBalfflB HflBft 


ATqqf 

23055 


Banna 


Acinetobacter calcoacaticus 


69 


Bacillus subtilis 


6051 


35 


Bact oroides fragilis 


23745 


1.2 


Branhaaalla catarrhal is 


25238 


43 


Campylobacter jejuni 


33560 


55 


Chlamydia trachomatis 


VR878 


42 


Chromobactariua violaceum 


29094 


69 


Clostridium perf ringens 
Corynebacterium xerosis 


13124 


62 


373 


23 


Deinococcus radiodurans 


35073 


30 


Derxia gummosa 


15994 


67 


Gardnerella vaginalis 


14018 


40 


Hafnia alvei 


13337 


56 


Lactobacillus acidophilus 


4356 


36 


Moraxella osloensis 


19976 


64 


Mycobacterium smegma tis 


14468 


77 


Mycoplasma hominis 


14027 


1.5 


Neisseria gonorrhoeae 


19424 


26 


Rahnella aquatilia 


33071 


66 


Rhodospirillum rubrum 


11170 


51 


Vibrio parahaemolyticus 


17802 


68 


Yersinia enterocolitica 


9610 


68 


Human 




0.9 



TaWe 81 shows that probe 4 hybridizes to the RNA of bacteria commonly found In urine and does not 
detect yeast rRNA 
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TABLE 61 

HYBRIDIZATION OF BACTERIAL PROBE 4 TO KNA OF 
ORGANISMS FOUND IN URINE* 

% Probe 



Ort yanisa ATCCi BflUHfl — 

10 Caiy*!*'* albicans 18804 4.5 

Candida krusei 34135 2.5 

Candida parapsilosis 22019 2.7 

Candida tropicalia 750 2.5 

Citrobacter freundii 8090 55 

15 Enterobacter aerogenes 13048 52 

Enterobacter cloacae 13047 57 

Escherichia coli 11775 70 * 

Klebsiella oxytoca 13182 70 

Klebsiella pneumoniae 13883 43 

Morganella morganii 25830 74 

20 proteos airabilis 29906 74 

Proteus vulgaris 13315 73 

Prwidencia stuartii 29914 73 

Pseudomonas aeruginosa 10145 76 

Pseudomonas fluorescens 13525 79 

Serratia marcescens 13880 74 

25 Staphylococcus aureus 12600 73 

Staphylococcus epidermidis 14990 73 

Streptococcus agalactiae 13813 70 

Streptococcus faecalis 19433 37 



Streptococcus faecium 19434 63 

Torulopsia glabrata 2001 2.2 

Ureaplasma urealyticum 27618 43 



35 Table 62 shows that probe 4 detects phylogeneticaify diverse bacteria and does not hybridize to human 
rRNA, 



40 



45 TABLE 63 

HYBRIDIZATION OF BACTERIAL PROBE 4 TO RHA3 
OF A CROSS SECTION OF PHYLOGENETICALLY DIVERSE 

ORGANISMS 

so % Probe 
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urganigm HflaS 




Bound 




©3J 


tfQClllUo BUJOwlllB 


QU91 


93 


SaCXerOiaeS ZragillS 




3a 0 


oraluiainexxa OabalTJlallS 




KG 


campy 1 oca cxsr jejuni 


J JSOU 


oo 




VM7A 
TOO r O 


*n 

PU 


CXUTOStOOaCCor lyl VlOXaCeUBl 


4 9U94 


ox 


uxobvxiqxujxl pexx r ingen s 


XJXZ4 


9 / 


c 0 neoacxBi 1 von xerosis 


Jr4 


Q R 


Deinococcus raaioaurans 




93 


Derxia gummosa 


15994 


Q9 


Garanerexxa vagi nnx xs 


1 A Al ft 


K*7 


uarnia axvei 


13 Jo / 


0 / 


x#accooacixxus aciaopmius 


4330 


eg 


Moraxella osloensis 


19976 


68 


Mycobacterium smegmatis 


14468 


28 


Mycoplasma hominis 


14027 


74 


Neisseria gonorrhoeae 


19424 


76 


Rahnelle aquatilis 


33071 


68 


Rhodospirillum rubrum 


11170 


59 


Vibrio parahaemolyticus 


17802 


75 


Yersinia enterocolitica 


9610 


74 


Human 




2.8 



Table 63 shows that probe 5 hybridizes to the RNA of bacteria commonly found in urine and does not 
detect yeast rRNA. 
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TABLE 63 

HYBRIDIZATION OF BACTERIAL PROBE 5 TO RNA OF 
ORGANISMS FOUND IN URINE - 

% Probe 



flzgsaisa &XS£i JsanA 

Candida albicans 18804 ■ 1.8 

Candida krusei 34135 1.7 

Candida parapsilosis 22019 2*2 

Candida tropicalis 750 1.8 

Citrobacter freundil 8090 39 

Enterobactar aerogenes 13048 38 

Enterobacter cloacae 13047 43 

Escherichia coll 11775 31 

Klebsiella oxytooa 13182 38 

Klebsiella pneumoniae 13883 66 

Morganella morganii 25830 50 

Proteus mlrabilis 29906 44 

Proteus vulgaris 13315 52 

Providencia stuartii 29914 44 

Pseudomonas aeruginosa 10145 47 

Pseudomonas fluorescens 13525 25 

Serratia marcescens 13880 35 

Staphylococcus aureus 12600 26 

Staphylococcus epidennidis 14990 37 

Streptococcus agalactiae 13813 29 

Streptococcus faecalis 19433 14 

Streptococcus faecium 19434 33 

Torulopsis glabrata 2001 2.2 

Ureaplasma urealyticum 27618 73 



Table 64 shows mat probe 5 detects phytogenetically diverse bacteria and does not hybridize to human 
RNA. 



TABLE 64 

HYBRIDIZATION OF BACTERIAL PROBE 5 TO RNA3 
OF A CROSS SECTION OF PHYLOGENETICALLY DIVERSE 

ORGANISMS 

% Probe 



organism ATCC# ■ BOTflfl 

Acinetobacter calcoaceticus 23055 20 

Bacillus subtilis 6051 53 

Bacteroides fragilifl 23745 44 

Brazihamella catarrbalis 25238 22 

Campylobacter jejuni 33560 35 

Chromabacterium violaceum 29094 59 

Clostridium parfringens 13124 63 
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Corynebacterium xerosis 


373 


1.7 


Deinococcus radiodurans 


35073 


5.7 


Dexxia gummosa 


15994 


14 


Gardner alia vaginalis 


14018 


1.6 


Bafhia alvai 


13337 


44 


Lactobacillus acidophilus 


4356 


1.5 


Moraxella os loans is 


19976 


7.2 


AjCOSeCvSrjLUEI Bmo^JBa wlo 






Mycoplasma hoainis 


14027 


21 


Neisseria gonorrhoeae 


19424 


40 


Rahnella aquatilis 


33071 


55 


Rhodospirillum rubrum 


11170 


17 


Vibrio parahaemolyticus 


17802 


66 


Yersinia enterocolitica 


9610 


64 


Hunan 




1.6 



Table 65 shows that probe 8 hybridizes to the RNA of bacteria commonly found in urine and does not 
detect yeast rRNA. 

20 

TABLE 65 

HYBRIDIZATION OF BACTERIAL PROBE 6 TO RNA OP 
ORGANISMS FOUND IN URINE 

25 







% Probe 


Organism 


ATCC» 




Candida albicans 


18804 


3.0 


Candida krusei 


34135 


2.0 


Candida parapsilosis 


32019 


2.2 


Citrobacter fraundii 


8090 


54 


Enterobaoter aerogenes 


13048 


50 


Enterobacter cloacae 


13047 


58 


Escherichia coli 


11775 


63 


Klebsiella oxytoca 


13182 


54 


Klebsiella pneumoniae 


13883 


55 


Morganella morganii 


25830 


60 


Proteus mirabilis 


29906 


64 


Proteus vulgaris 


13315 


67 


Providencia stuartii 


29914 


64 


Pseudomonas aeruginosa 


10145 


65 


Pseudomonas fluorescens 


13525 


31 


Serratia marcescens 


13880 


67 


Staphylococcus aureus 


12600 


53 


Staphylococcus epidermidis 


14990 


34 


Streptococcus agalactiae 


13813 


31 


Streptococcus faecium 


19434 


18 


Torul apsis glabrata 


2001 


2.5 



50 

Table 66 shows that probe 6 detects some phylogenetically diverse bacteria and does not hybridize to 
human rRNA. 
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TABLE 66 

HYBRIDIZATION OF BACTERIAL PROBE 5 TO RNAS 
OF A CROSS SECTION OF FHYLOGBNETICALLY 



DIVERSE 


UJUffARiOllO « 










Organ iam 






Acinetobacter calcoaceticus 


23055 


73 


Bacteroides fragilis 


23745 


7.0 


Branhamella catarrhalis 


25238 


4.0 


Deinococcus radiodurans 


35073 


5.5 


Derxia gummosa 


15994 


3.0 


Gardnerella vaginalis 


14018 


2.0 


Ha Alia alvei 


13337 


3.5 


Lactobacillus acidophilus 


4356 


17 


Moraxella osloensis 


19976 


62 


Mycoplasma hominis 


14027 


44 


Rahnella aquatilis 


33071 


56 


Yersinia enterocolitica 


9610 


50 


Human 




4.0 



Table 67 shows thai probe 7 hybridizes to the RNA of bacteria commonly found in urine and does not 
detect yeast rRNA. 



TABLE 67 



HYBRIDIZATION OF BACTERIAL PROBE 7 TO RNA 
OF ORGANISMS FOUND IN URINE 







% Probe 


Onanism 


ATCCi 




Candida albicans 


18804 


2.1 


Candida krusei 


34135 


2.0 


Candida tropicalis 


750 


2.2 


Citrobacter freundii 


8090 


67 


Enterobacter aerogenes 


13048 


69 


Enterobacter cloacae 


13047 


78 


Escherichia coli 


11775 


75 


Klebsiella oxytoca 


13882 


79 


Klebsiella pneumoniae 


13883 


77 


Horganella morganii 


25830 


76 


Proteus airabilis 


29906 


77 
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13315 


79 




29914 


64 


PAAtidomonAfi aanici nosa 


10145 


76 


Pseudomelia* fluoresceins 


13515 


78 


OfiZTavla laXPWCl IBP 


i ift Art 




Staphylococcus aureus 


12600 


71 


Staphylococcus epidermidis 


14990 


75 


Streptococcus agalactlae 


13813 


70 


streptococcus faecal is 


19433 


58 


Streptococcus faecium 


19434 


68 


Torulopsis glabra ta 


2001 


2.4 


Ureaplasma uraalyticum 


27618 


21 



is Table 68 shows that probe 7 detects phylogenetically diverse bacteria and does not hybridize to human 
rRNA. 



TABLE 68 



HYBRIDIZATION OF BACTERIAL PROBE 7 TO RNAs 
OF A CROSS SECTI ON OF PHYLOGENETICALLY 
DIVERSE ORGANISMS 







% Probe 


Organism 


ATCCt 


Bound 


Acinetobacter calcoaceticus 


23055 


86 


Bacillus subtilis 


6051 


83 


Bacteroides fragills 


23745 


69 


Branhamella catarrhalis 


25238 


74 


Campylobacter jejuni 


33560 


5.3 


Chlamydia trachomatis 


VR878 


41 


Chroaobacterium violaceum 


29094 


69 


Clostridium perfringens 


13124 


68 


Corynebacteriua xerosis 


373 


23 


Deinococcus radiodurans 


35073 


70 


Derxia gummosa 


15994 


69 


Gardnerella vaginalis 


14018 


68 


Haf nia alvei 


13337 


77 


Moraxella osloensis 


19976 


68 


Mycobacterium smegmatis 


14468 


64 


Mycoplasma hominis 


14027 


4.0 


Neisseria gonorrhoeae 


19424 


53 


Rahnella aquatilis 


33071 


72 


Rhodospirillum rubrum 


11170 


73 


Vibrio parahaemolyticus 


17802 


67 


Yersinia enterocolitica 


9610 


66 


Human 




2.2 



Example 20 

Fungi encompass a morphologically and physiologically diverse group of simple eucaryotlc organisms. 
We estimate, using published sequences of three fungi, Neurospora crassa Podospora and Sac- 
charomyces. that the rRNA of fungi are 58-80% homologous to E. coli and 84-90% homologous to one 
another. Some fungi grow as single cells (yeasts), others as multinudear filaments (molds) and still others 
can grow as either single ceils or multicellular filaments (dimorphic fungi). Although many fungi are 
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13315 


79 


pww idfinci a jrfciiaTrfcA 4 


29914 


64 


PfiAudcmonas aarucrlnosa 


10145 


76 


Pseudomonas fluoresceins 


13525 


78 


O^ZTaUa laTCtBCinH 


1 1P Art 

1JODU 




Staphylococcus aureus 


12600 


71 


Staphylococcus epidarmidis 


14990 


75 


Streptococcus agalactlae 


13813 


70 


streptococcus faecalis 


19433 


58 


streptococcus faecium 


19434 


68 


Torulopsis glabra ta 


2001 


2.4 


Uraaplasma urealytlcum 


27618 


21 



Table 68 shows that probe 7 detects phylogenetically diverse bacteria and does not hybridize to human 
rRNA. 



TABLE 68 



HYBRIDIZATION OF BACTERIAL PROBE 7 TO RNAs 
OF A CROSS SECTI ON OF PHYLOGENETICALLY 
DIVERSE ORGANISMS 



agaaaiaa 


ATCCi 
23055 


% Probe 
Bound 


Acinetobacter calcoacsticus 


86 


Bacillus aubtills 


6051 


83 


fiactaroldas fragllls 


23745 


69 


Branhamella catarrhalis 


25238 


74 


Campylobacter jejuni 


33560 


5.3 


Chlamydia trachomatis 


VR878 


41 


Oiromobacterlum violaceum 


29094 


69 


Clostridium perfringens 


13124 


68 


Corynebacterium xerosis 


373 


23 


Deinococcus radiodurans 


35073 


70 


Derxia gummosa 


15994 


69 


Gardnerella vaginalis 


14018 


68 


Hafnia alvei 


13337 


77 


Moraxella osloensis 


19976 


68 


Mycobacterium smegmatis 


14468 


64 


Mycoplasma horn in is 


14027 


4.0 


Neisseria gonorrhoeae 


19424 


53 


Rahnalla aquatilis 


33071 


73 


Rhodospirillum rubrum 


11170 


73 


Vibrio parahaemolyticus 


17802 


67 


Yersinia enterocolitica 


9610 


66 


Human 




2.2 



Example 20 

Fungi encompass a morphologically and physiologically diverse group of simple eucaryotic organisms. 
We estimate, using published sequences of three fungi, Neurospora crassa. Podospora, and Sac* 
charomyces , that the rRNA of fungi are 58-80% homologous to E. cojl and 84-90% homologous to one 
another. Some fungi grow as single cells (yeasts), others as multinuclear filaments (molds) and still others 
can grow as either single ceils or multicellular filaments (dimorphic fungi). Although many fungi are 
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TABLE 69 

HYBRIDIZATION OF YEAST PROBES TO YEAST SNA 

t Probe Bound 



Organism 


ATCCf 
C.I. 


Al- 


#2 


_.#3 


_*4._ 


Blastomyces dermatitidia 


as 


1.4 


1.5 


1.5 


Candida albicans 


18804 


40 


63 


56 


2.0 


c. krusei 


34135 


73 


62 


2.2 


70 


C. parapsllosia 


22019 


71 


63 


65 


2.0 


C. tropicalis 


750 


62 


71 


71 


2.0 


cryptococcus laurentii 


C.I. 


43 


1.4 


1.5 


l.S 


Cryptocoocus neof ormans 


C.I. 


60 


1.3 


1.5 


1.6 


Torulopaia glabrata 


2001 


61 


44 


62 


2.0 


Trichosporon baigelii 


C.I. 


57 


1.3 


2.1 


1.5 


Saccharomyoes ceraviaiaa 


C.I. 


41 


67 


53 


1.9 


C.I. « Clinical isolate 













TABLE 70 

HYBRIDIZATION OF FUNGAL PROBES 1-4 TO RNA 
OF ORGANISMS FOUND IN URINE 



% Probe Bound 



aaanign 


ATCGi 




#2 


_42_. 


*4 


Cltrobacter freundii 


8090 


1.5 


1.7 


1.5 


2.1 


Entarobacter aerogenes 


13048 


2.5 


1.9 


2.0 


2.0 


Enterobacter cloacae 


13047 


2.5 


1.6 


2.6 


2.0 


Escherichia coll 


11775 


3.0 


2.0 


1.6 


1.5 


Klebsiella oxytoca 


13182 


2.5 


2.2 


2.5 


2.0 


Klebsiella pneumoniae 


13883 


2.5 


2.2 


2.1 


2.0 


Morganella morganii 


25830 


2.0 


2.8 


1.7 


1.9 


Proteus airabllia 


29906 


2.5 


1.9 


2.3 


2.0 


Proteus vulgaris 


13315 


2.0 


2.2 


2.0 


1.5 


Provldencia stuartll 


29914 


3.0 


1.7 


2.8 


2.0 


Pseudomonas aeruginosa 


10145 


2.0 


1.9 


1.3 


2.0 


Pseudomonas f luorescens 


13525 


2.5 


2.7 


2.1 


2.0 


Serratla naruescens 


13880 


2.5 


1.7 


1.8 


2.0 


Staphylococcus aureus 


12600 


2.0 


1.7 


1.8 


2.0 


Staphylococcus epidermidls 


14990 


3.0 


1.5 


1.3 


2.0 


Streptococcus agalactlae 


13813 


2.5 


1.9 


1.3 


2.5 


Streptococcus faecal Is 


19433 


1.7 


3.3 


3.5 


1.9 


Streptococcus faecium 


19434 


2.0 


2.9 


2.1 


1.5 


Oreaplasma urealyticum 


27618 


2.1 


3.1 


2.4 


1.8 
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greater DNA£NA homology. Despite the fact that these organisms may be considered to be the same 
species under established principles, we were able to make probes capable of distinguishing them. 

As expected, the rRNA homology between N. gonorrhoeae and N. meningitidis is even greater because 
of known conserved regions. We noted a 1.0% difference between the 18S and a 1.1% difference between 
5 the 23S rRNA sequences of N. gonorrhoeae and N. meningitidis using our sequencing data. 

Making a probe for N. gonorrhoeae was complicated by the fact that in some sites where N. 
meningitidis and N. gonorrhoeae differed, other Neisseria species were similar to N. gonorrhoeae . The few 
mismatches which exist between these two species are in the most variable regions, i.e.. regions which vary 
not only between species, but also from strain to strain. Despite the fact that some believed the species 
w could not be distinguished at all. and others believed that rRNA was too conserved to be useful In probe 
diagnostics, we were able to make probes capable of differentiating N . gonorrhoeaea nd N. meningitidis . 

The present invention has significant advantages over each of the prior art methods; the probes are 
more specific and much faster than culture methods. It also is believed that the probes are more sensitive, 
(ke., able to detect a smaller number of organisms in a clinical sample) than prior art methods, 
r 5 The primers used to identify these probe sequences had the following sequences: 

1. GGCCGTTACCCCACCTACTAGCTAAT 

2. GTATTACCGCGGCTGCTGGCAC 

3. GCTCGTTGCGGGACTTAACCCACCAT Each of the rRNA sites chosen to target had at least two 
mismatches to E. coll . N. meningitidis , N. dnerea, N, lactamica , N . mucosa , and Kngella kingae . 

20 Oligonucleotides complementary to sequences adjacent to the probe regions were synthesized and 
used in the hybridization mix according to Hogan et al.. U.S. Patent App. Ser. No. (not yet assigned}, 
entitled "Means and Method for enhancing nucleic acid hybridisation". 

The following sequences were characterized and shown to be specific for Neisseria gonorrhoeae. The 
phylogenetically nearest neighbors Neisseria meningitidis, N. lactamica , N . cinerea. N. mucosa , and 
25 Kingella kingae were used for comparison with the N. gonorrhoeae sequence. 
1 . CCG CCG CTA CCC GGT AC 
^ TCA TCG GCC GCC GAT ATT GGC 

3. GAG CAT TCC GCA CAT GTC AAA ACC AGG TA Sequence 1, complementary to 16S rRNA in 
the region 125-150, is 17 bases in length and has a Tm of 56 °C. Sequence 2 r complementary to 18S rRNA 

30 in the region 455-485, is 21 bases in length and has a Tm of 83«C. Sequence 3, complementary to 18S 
rRNA in the region 980-1015, is 29 bases in length and has a Tm of 57°C. 

The reactivity and specificity of the probes for Neisseria gonorrhoeae was demonstrated with a 
hybridization assay. The three oligonucleotide probes were iodinated and mixed with unlabeled 
oligonucleotides of sequence 5 -CCC CTG CTT TCC CTC TCT AQA CGT ATG CGG TAT TAG CTG ATC 

35 TTT CG-3*. 5'-GCC TTT TCT TCC CTG ACA AAA GTC CTT TAC AAC CCG-3', 5-GGC ACG TAG TTA 
GCC GGT GCT TAT TCT TCA GGT A03\ and S'-GGT TCT TCG CGT TGC ATC GAA TTA ATC CAC ATC 
ATC CAC CGC-3\ and with purified RNA in 0.48 M sodium phosphate, ph8.8, 0.5% sodium dodecyi sulfate 
(SDS) and incubated at 60°C for one hour. Following incubation. 4 ml of 2% hydroxyapatite, 0.12 M sodium 
phosphate pH6.8, 0.02% SOS was added and the mixture was incubated at 60°C for 5 minutes. The 

40 samples were centrifuged and the supematants were removed. Five ml of wash solution (0.12 M sodium 
phosphate pH6.8, 2% SDS) was added and the samples were mixed, centrifuged. and the supematants 
removed. The amount of radioactivity bound to the hydroxyapatite was determined in a gamma counter. 

Table 72 shows that the probes hybridize well to N. gonorrhoeae RNA and do not hybridize to the 
other species tested. 
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TABLE 72 



HYBRIDIZATION OF WBIgSBRIA GONORRHOEAS 
PROBES 1-3 TO NEISSERIA AND KIRffEHA BNAS 



ATCCi 



% Prpfrq Pound 



N. gonorrhoeae 
N. lactamica 



N. meningitidis 

N. meningitidis 

N. meningitidis 

N. mucosa 



Kingella kingae 
neisseria cinerea 



N« sobflava 



serogroup A 
serogroup B 
serogroup C 



23332 
14685 
19424 
23970 
13077 
13090 
13102 
19696 
14799 



0.09 
0.04 
48.4 
0.07 
0.04 
0.04 
0.04 
0.07 
0.05 



The following derivatives of Neisseria probes also have been made and used: 
GAG GATTCC GCA CAT GTC AAA ACC AGG 
GAG GAT TCC GCA CAT GTC AAA ACC AGG TAA 
CCC GCT ACC CGG TAG GTT C 
CCG CTA CCC GGT ACG TTC. 

Although the above examples of performance were determined using the standard assay format 
previously described, the specific probes may be used under a wide variety of experimental conditions. For 
example, additives may be included to the reaction solutions to provide optimal reaction conditions for 
accelerated hybridization. Such additives may include buffers, chelators, organic compounds and nucleic 
acid precipitating agents such as detergents, dihydroxy benzene, sodium dodecyi sulfate, sodium diisobutyl 
Sulfosuccinate, sodium tatradecyi sulfate, sarkosyi and the alkali metal salts and ammonium salts of S02*, 
PO-3* Ci-" and HCOO- 1 . Such additives can be utiDzed by one skilled in the art to provide optimal 
conditions for the hybridization reaction to take place. These conditions for accelerated hybridization of 
single stranded nucleic acid molecules into double stranded molecules are the subject of the above-noted 
U.S. Patent App. Ser. No. 627.795 filed July 5, 1984, continuation filed June 4, 1987 (serial no. not yet 
assigned) (EP-A-01 87368) and Ser. No. 816,711 filed January 7. 1986 (EP-A-0220442) which are both 
entitled ACCELERATED NUCLEIC ACID REASSOCIATION METHOD. 

The present invention can be carried out on nonviral organisms- from purified samples or unpurified 
clinical samples such as sputum, feces, tissue, blood, spinal or synovial fluids serum, urine or other botfly 
fluids, or other samples such as environmental or food samples. Prior to cell breakage and hybridization, 
the cells can be suspended or placed in solution. In the case of the unpurified samples referred to above, 
the cells may remain fntact and untreated in their own biological environment prior to the assay. 

The probes of the present Invention may be used in an assay either alone or in combination with 
different probes. Several individual probes also can be linked together during nucleic acid synthesis. This 
results in one probe molecule which contains multiple probe sequences, and therefore, multiple specific- 
ities. For example, a single nucleic acid molecule can be synthesized which contains both the Mycobac- 
terium avium and the Mycobacterium intracellular sequences described in Examples 1 and 2. When 
hybridized with either Mavium or M. intracellular rRNA this probe will hybridize completely. If the two 
probe sequences were combined separately in an assay only one half of the mixed individual probes will 
hybridize with either M.avium or M. intracellulare rRNA Other embodiments also may be practiced within 
the scope of the claims. For example, probes may be labelled using a variety of labels, as described within, 
and may be incorporated into diagnostic kits. 



1. A method for preparing a probe for use in a qualitative or quantitative hybridization assay which 
comprises constructing an oligonucleotide that Is sufficiently complementary to hybridize to a region of 
rRNA selected to be unique to a non-viral organism or group of non-viral organisms sought to be detected. 



Claims 
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said regfm: of rRflGft being selected by comparing one or more variable region rRNA sequences of said non- 
viral orgaroaaaj or group of non-viral organisms with one or more variable region rRNA sequences from one 
or more nonw/iraf organisms sought to be distinguished therefrom. 

2. Th& rnetfcrod of claim 1 wherein said variable region rRNA sequences from non-viral organisms 
5 sought to be distinguished are from the known nearest related organism to said non-viral organism or group 

of non-viral organisms sought to be detected. 

3. The method of claim 1 wherein said region of rRNA Is selected to have at least about a one base 
sequence difference from a corresponding rRNA sequence of the known nearest related organism to said 
non-viral organism or group of non-viral organisms sought to be detected. 

io 4. The method of claim 1 wherein said region of rRNA is selected to have at least about a 10% or 
greater base sequence difference from the corresponding rRNA sequence of the known nearest related 
organism to said non-viral organism or group of non-viral organisms sought to be detected. 

5. The method of claim 1 wherein said region of rRNA rs chosen from the group consisting of 5S, 16$. 
and 23S rRNA. 

75 6. The method of claim 1 wherein said region of rRNA is chosen from the group consisting of 5.0S. 
5.8S. 18S and 28S rRNA. 

7. The method of claim 1 wherein raid oligonucleotide is at least about 10 nucleotides in length. 

8. The method of claim 1 wherein said oligonucleotide is at least about 15 nucleotides in length. 

9. The method of claim 1 wherein said oligonucleotide Is at least about 20 nucleotides in length. 
20 10. The method of claim 1 wherein said oligonucleotide is at least about 30 nucleotides in length. 

11. The method of claim 1 wherein said oligonucleotide is about 20 nucleotides to about 50 nucleotides 
In length. 

12. The method of claim 1 wherein said oligonucleotide is about 30 nucleotides to about 50 nucleotides 
in length. 

25 13. The method of claim 3 wherein said oligonucleotide is at least about 10 nucleotides in length. 

14. The method of claim 3 wherein said oligonucleotide is at least about 15 nucleotides in length. 

15. The method of claim 1 wherein said oligonucleotide is at least about 20 nucleotides in length. 

16. The method of claim 3 wherein said oligonucleotide is at least about 30 nucleotides in length. 

17. The method of claim 3 wherein said oligonucleotide is about 20 nucleotides to about 50 nucleotides 
30 in length. 

18. The method of claim 3 wherein said oligonucleotide is at about 30 nucleotides to about 50 
nucleotides in length. 

19. The method of claim 4 wherein said oligonucleotide is at least about 10 nucleotides in length. 

20. The method of claim 4 wherein said oligonucleotide is at least about 15 nucleotides in length. 
35 21 . The method of claim 4 wherein said oligonucleotide is at least about 20 nucleotides in length. 

22. The method of claim 4 wherein said oligonucleotide is at least about 30 nucleotides in length. 

23. The method of claim 4 wherein said oligonucleotide is about 20 nucleotides to about 50 nucleotides 
in length. 

24. The method of claim 4 wherein said oligonucleotide is about 30 nucleotides to about 50 nucleotides 
40 in length. 

25. The method of claim 1 wherein said probe is at least about 75% complementary to said region of 
rRNA. 

26. The method of claim 3 wherein said oligonucleotide is at (east about 75% complementary to said 
region of rRNA. 

45 27. The method of claim 4 wherein said oligonucleotide is at least about 75% complementary to said 
region of rRNA. 

28. The method of claim 1 wherein said probe is perfectly complementary to said region of rRNA. 

29. The method of claim 3 wherein said probe is perfectly complementary to said region of rRNA. 
28. The method of claim 4 wherein said probe is perfectly complementary to said region of rRNA. 

50 31. A hybridization assay probe for a non-viral organism or organisms comprising an oligonucleotide of 
at least about 10 nucleotides in length wherein at least about 10 contiguous nucleotides are substantially 
complementary to at least one variable region of nucleic acid selected to be unique to said non-viral 
organism or organisms. 

32. A hybridization assay probe for a non-viral organism or organisms comprising an oligonucleotide of 
55 at least about 10 nucleotides in length which is at least about 75% complementary to at least one variable 

region of nucleic acid selected to be unique to said non-viral organism or organisms. 

33. The probe of claim 31 or 32 wherein said nucleic acid is 5S, 16S, or 23S rRNA. 

34. The probe of claim 31 or 32 wherein said nucleic acid is 5.0S, 5.8S, 18S, or 28S rRNA. 
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35. The probe of claim 31 wherein said ^on-viral organism is Mycobacterium avium. 
38, The probe of daim 35 wherein said oligonucleotide comprises the sequence ACCGCAAAAGCTT- 
TCCACCAGAAQACATQCQTCTTGAQ. 

37. A nucleotide polymer capable of hybridizing to the probe of daim 36 or to the complement thereof. 

38. A nucleic acid hybrid formed between an oligonudeotide comprising the sequence 
ACCQCAAAAQCTTTCCACCAGAAGACATQCQTCTTQAQ and a nucleic acid sequence substantially 

complementary thereto. 

38. A nucleotide polymer of the structure ACCGCAAAAGCTTTCCACCAGAAGACATGCGTCTTGAG and 
the complement thereto. 

40. A nucleotide polymer capable of hybriding to RNA of the species Mycobacterium avium In the 
region corresponding to bases 185-225 of E. coH 16S rRNA. 

41. A nudeic add hybrid formed between a nucleotide polymer of claim 40 and a nudeic acid 
sequence substantially complementary thereto. 

42. The probe of daim 31 wherein said non-viral organism is Mycobacteriumintracellulare. 

43. The probe of daim 42 wherein said oligonudeotide comprises the sequence 
ACCGCAAAAGCTTTCCACCTAAAGACATGCGCCTAAAG. 

44. A nucleotide polymer capable of hybridizing to the probe of claim 43 or to the complement thereof. 

45. A nucleic add hybrid formed between an oligonudeotide comprising the sequence 
ACCGCAAAAGCTTTCCACCTAAAGACATGCGCCTAAAG and a nudeic add sequence substantially 

complementary thereto. 

46. A nucleotide polymer of the structure ACCGCAAAAGCTTTCCACCTAAAGACATGCGCCTAAAG and 
the complement thereto. 

47. A nucleotide polymer capable of hybridizing to the RNA of the species Mycobacteriumintracellulare 
in the region corresponding to bases 1 85-225 of E. cofj 16S rRNA. 

48. A nucleic add hybrid formed between a nucleotide polymer of claim 47 and a nudeic add 
sequence substantially complementary thereto. 

49. TTie probe of claim 31 wherein said non-viral organisms are the Mycobacteriumtubercuiosis- 
complex bacteria. 

50. The probe of daim 48 wherein said oligonucleotide comprises the sequence TAAAGCGCTTTCCAO 
CACAAGACATGCATCCCGTG. 

51. The probe of daim 48 wherein said oligonudeotide comprises the sequence TGCCCTACCCACAO 
CCACCACCAGGTGATGT. 

52. The probe of claim 49 wherein said oligonucleotide comprises the sequence CCATCACCACCCTC- 
CTCCGGAGAGGAAAAGG. 

53. The probe of claim 49 wherein said oligonucleotide comprises the sequence CTGTCCCTAAACCC- 
GATTCAGGGTTCGAGGTTAGATGC. 

54. The probe of claim 48 wherein said oligonudeotide comprise the sequence AGGCACTGTCCC- 
TAAACC CGATTC AG GGTTC- 

55. TTie probe of claim 48 wherein said oligonucleotide comprises the sequence CCGCTAAAGCGCTT- 
TCCACCACAAGACATGCATCCCG. 

56. The probe of daim 48 wherein said oligonucleotide comprise the sequence ACACCGCTAAAGCGC- 
TTTCCACCACAAGACATGCATC. 

57. A nucleotide polymer capable of hybridizing to the probe of daims 50 or 51 or 52 or 53 or 54 or 55 
or 56 or to the complement thereof. 

58. A nucleic add hybrid formed between an oligonucleotide comprising a member of the group 
consisting of oligonucleotides of the sequences 

TAAAGCGCTTTCCACCACAAGACATGCATCCCGTG, 

TGCCCTACCCACACCCACCACAAGGTGATGT, 

CCATCACCAGCCTCCTCCGGAQAGGAAAAGG. 

CTGTCCCTAAACCCGATTCAGGGTTCGAGGTTAGATGC, 

AGGCACTGTCCCTAAACCCGATTCAGGQTTC, 

CCGCTAAAGCGCTTTCCACCACAAGACATGCATCCCG, and 

ACACCGCTAAAGCGCTTTCCACCACAAGACATGCATC; 
and a nudeic acid sequence substantially complementary thereto. 

58. A nucleotide polymer comprising a member of the group consisting of nucleotide polymers of the 
structures 

TAAAGCGCTTTCCACCACAAGACATGCATCCCGTG. 
TGCCXJTACCCACACCCACCACAAGGTGATGT. 
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CCATCACCACCCTCCTCCGGAGAGGAAAAGG, 
CTGTCCCTAMCCCGATTCAGGGTTCGAGGTTAGATGC, 
AGGCACTGTCX3CTAAACCCGATTCAGGGTTC. 
CCGCTAAAGCGCTTTCCACCACAAGACATGCATCCCG, artf 
5 ACACCGCTAAAGCGCTTTCCACCACAAGACATGCATC; 
and the complements thereto. 

60. A nucleotide potymer capable of hybridizing to the rRNA of the species included rn the Mycobac- 
terium tuberculosis complex in the region corresponding to bases 185-225 of E coli 16S rRNA. 

61. A nucleic acid hybrid formed between a nucleotide polymer of claim 60 and a nucleic acid 
io substantially comple-mentary thereto. 

62. A nucleotide polymer capable of hybridizing to the RNA of the species included in the Mycobac- 
terium tuberculosis complex in the region corresponding to bases 540-575 of E coli 23S rRNA. 

63. A nucleic acid hybrid formed between a nucleotide polymer of claim 62 and a nucleic acid 
substantially complement-ary thereto. 

is 64. A nucleotide polymer capable of hybridizing to the RNA of the species included in the Mycobac- 
terium tuberculosis complex in the region corresponding to bases 1 155-1190 of E. coli 23S rRNA. 

65. A nucleic acid hybrid formed between a nucleotide polymer of claim 64 and a nucleic acid 
substantially complementary thereto. 

86. A nucleotide polymer capable of hybriding to the RNA of the species included in the Mycobac* 
20 terium tuberculosis complex in the region corresponding to bases 2195-2235 of E colL23S rRNA. 

67. A nucleic acid hybrid formed between a nucleotide polymer of claim 66 and a nucleic acid 
substantially compiemerhtary ttiereto. 

68. The probe of claim 31 wherein said non-viral organisms are the genus Mycobacterium, 

69. The probe of claim 68 wherein said oligonucleotide comprises the sequence CCA TGC ACC ACC 
25 TGC ACA CAG GCC ACA AGG. 

70. The probe of claim 68 wherein said oligonucleotide comprises the sequence GGC TTG CCC CAG 
TAT TAC CAC TGA CTG GTA CGG. 

71. The probe of claim 68 wherein said oligonucleotide comprises the sequence CAC CGA ATT GGC 
CTC AAC CGG CTA TGC GTC ACC TC. 

30 72. The probe of claim 68 wherein said oligonucleotide comprises the sequence GGG GTA CGG CCC 
GTG TGT GTG CTC GCT AGA GGC. 

73. A nucleotide polymer capable of hybridizing to the probe of claims 89 or 70 or 71 or 72 or to the 
complement thereof. 

74. A nucleic acid hybrid formed between an oligonucleotide comprising a member of the group 
35 consisting of oligonucleotides of the sequence 

CCA TGC ACC ACC TGC ACA CAG GCC ACA AGG, 
GGC TTG CCC CAG TAT TAC CAC TGA CTG GTA CGG, 
CAC CGA ATT CGC CTC AAC CGG CTA TGC GTC ACC TC, 

and 

40 GGG GTA CGG CCC GTG TGT GTG CTC GCT AGA GGC; 
and a nucleic acid sequence substantially complementary thereto. 

75. A nucleotide polymer comprising a member of the group consisting of nucleotide polymers of the 
structures 

CCA TGC ACC ACC TGC ACA CAG GCC ACA AGG, 
43 GGC TTG CCC CAG TAT TAC CAC TGA CTG GTA CGG, 

CAC CGA ATT CGC CTC AAC CGG CTA TGC GTC ACC TC, 

and 

GGG GTA CGG CCC GTG TGT GTG CTC GCT AGA GGC; 
and the complements thereto, 
so 76. A nucleotide polymer capable of hybridizing to RNA of the genus Mycobacterium in the region 
corresponding to bases 1 025-1060 of E. coli 18S rRNA. 

77. A nucleic acid hybrid formed between a nucleotide polymer of claim 76 and a nucleic acid 
sequence substantially complementary thereto. 

78. A nucleotide polymer capable of hybridizing to RNA of the genus Mycobacterium in the region 
55 corresponding to bases 1440-1475 of E coli 23$ rRNA. 

79. A nucleic acid hybrid formed between a nucleotide polymer of claim 78 and a nucleic acid 
sequence substantially complementary thereto. 
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80. A nucleotide polymer capable of hybridizing to RNA of the genus Mycobacterium in the region 
corresponding to bases t515-1555 of £ coll 23$ rRNA. 

61. A nucleic acid hybrid formed between a nucleotide polymer of ciaim 80 and a nucleic acid 
sequence substantially complementary thereto. 
5 82. A nucleotide polymer capable of hybridizing to RNA of the genus Mycobacterium in the region 
corresponding to bases 1570-1610 of £ coO 23S rRNA. 

83. A nucleic acid hybrid formed between a nucleotide polymer of cfaim 82 and a nucleic acid 
sequence substantially complementary thereto. 

84. The probe of claim 31 wherein said non-viral organism is Mycopiasm pneumoniae . 
w 85. The probe of claim 84 wherein said oligonucleotide comprises the sequence 

GCTTGGTQCTTTCCTATTCTCACTQAAACAQCTACATTCQQC. 

86. The probe of claim 84 wherein said oligonucleotide comprises the sequence 
MTAACGMCCCTTGCAGGTCCTTTCAACTTTGAT. 

87. The probe of claim 84 wherein said oligonucleotide comprises the sequence CAGTCAAACTCTAG- 
ts CCATTACCTGCTAAAGTCATT. 

88. The probe of claim 84 wherein said oligonucleotide comprise the sequence 
TACCGAGGGGATCGCCCCGACAGCTAGTAT. 

89. The probe of claim 84 wherein said oligonucleotide comprises the sequence 
CTTTACAGATTTGCTCACTTTTACAAGCTGGCGAC. 

20 90. A nucleotide polymer capable of hybridizing to the probes of claims 85 to 88 or 87 or 88 or 89 or to 
the complement thereof. 

91. A nucleic acid hybrid formed between an oligonucleotide comprising a member of the group 
consisting of oligonucleotides of the sequence 

GCTTGGTTGCTTTCCTATTCTCACTGAAACAGCTACATTCGGC, 
25 MTAACGWACCCTTGCAGGTCCTTTCAACTTTGAT, 
CAGTCAAACTCTAGCCATTACCTGCTAAAGTCATT, 
TACCGAGGGGATCGCCCCGACAGCTAGTAT, and 
CTTTACAGATTTGCTCACTTTT ACAAGCTGGCGAC; 
and a nucleic acid sequence substantially complementary thereto. 
so 92. A nucleotide polymer comprising a member of the group consisting of nucleotide polymers of the 
structures 

GCTTGGTGCTTTCCTATTCTCACTGAAACAGCTACATTCGGC. 
MTMCGMCCCTTGCAGGTCCTTTCAACTTTGAT, 
CAGTCAAACTCTAGCCATTACCTGCTAAAGTCATT, 
as TACCGAGGGGATCGCCCCGACAGCTAGTAT, and 

CT7TACAGATTTGCTCACTTTTACAAGCTGGCGAC; 
and the complements thereto. 

93. A nucleotide polymer capable of hybridizing to the RNA of the species Mycoplasma pneumoniae in 
the region corresponding to bases 190-230 of E. coli 16S rRNA. 
40 94. A nucleic acid hybrid formed between a nucleotide polymer of claim 93 and a nucleic acid 
sequence substantially complementary thereto. 

A nucleotide polymer capable of hybridizing to the RNA of the species Mycoplasma pneumoniae in the 
region corresponding to bases 450-490 of E. coil 16S rRNA. 

96. A nucleic acid hybrid formed between a nucleotide polymer of claim 95 and a nucleic acid 
45 sequence substantially complementary thereto. 

97. A nucleotide polymer capable of hybridizing to the RNA of the species Mycoplasma pneumoniae in 
the region corresponding to bases 820-860 of EL coS 16S rRNA. 

98. A nucleic acid hybrid formed between a nucleotide polymer of claim 97 and a nucleic acid 
sequence substantially complementary thereto. 

so 99. A nucleotide polymer capable of hybridizing to the RNA of the species Mycoplasma pneumoniae in 
the region corresponding to bases 1255-1290 of E, coli 183 rRNA. 

100. A nucleic acid hybrid formed between a nucleotide polymer of claim 99 and a nucleic acid 
sequence substantially complementary thereto. 

101. A nucleotide polymer capable of hybridizing to the RNA of the species Mycoplasma pneumoniae 
55 In the region corresponding to bases 65-120 of £. coli 5$ rRNA. 

102. A nucleic acid hybrid formed between a nucleotide polymer of claim 101 and a nucleic acid 
sequence substantially complementary thereto. 

103. The probe of claim 31 wherein said non-viral organisms are the genus Legionella. 
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104. The probe of clam 103 wherein said oligonucleotide comprises the sequence TACCCTCTCO 
CATACTCGAGTCAACCAGTATTATCTGACC. 

105. The probe of claim 103 wherein said oligonucleotide comprises the sequence GGATTTCACQTG- 
TCCCGGCCTAC 1T G TTCGGQTQCQTAQTTC. 

5 106. The probe of claim 103 wherein said oligonucleotide comprises the sequence CATCTCTG* 
CAAAATTCACTGTATGTCAAGGGTAGGTAAGG. 

107. The probe of claim 103 wherein said oligonucleotide comprises the sequence GCGGTACQGTTC- 
TCTATAAGTTATGGCTAGC. 

108. The probe of daim 103 wherein said oligonucleotide comprises the sequence GTACCGAGGG- 
W TACCTTTGTGCT. 

109. The probe of claim 103 wherein said oligonucleotide comprises the sequence CACTCTTGGTAO 
GATGTCCGAC. 

110. A nucleotide polymer capable of hybridizing to the probes of claims 104 or 105 or 106 or 107 or 
108 or 109 or to the complement thereof , 

ts 111. A nucleic acid hybrid formed between an oligonucleotide comprising a member of the group 
consisting of oligonucleotides of the sequences 

TACCCTCTCCCATACTCGAGTCAACCAQTATTATCTGACC. 
GGATTTCACGTGTCCCQGCCTACTTQTTCGGGTGCGTAGTTC, 
CATCTCTGCAAAATTCACTGTATGTCAAGGGTAGGTAAGG, 
20 GCTGTACGGTTCTCTATAATGTATGGCTAGC, 
QTACCGAGGGTACCTTTGTGCT, and 
CACTCTTGGTACGATGTCCGAC; 
and a nucleic acid sequence substantially complementary thereto. 

112. A nucleotide polymer comprising a member of the group consisting of nucleotide polymers of the 
25 structures 

TACCCTCTCCCATACTCGAGTCAACCAGTATTATCTGACCr 
GGATTTCACGTGTCCCGGCCTACTTGTTCGGGTGCGTAGTTC. 
CATCTCTGCAAAATTCACTGTATGTCAAGGGTAGGTAAGG, 
GCGGTACGGTTCTCTATAAGTTATGGCTAGC. 
30 GTACCGAGGGTACCTTTGTGCT. and 

CACTCTTGGTACGATGTCCGAC; 
and the complements thereto. 

113. A nucleotide polymer capable of hybridizing to the RNA of the genus Legionella in the region 
corresponding to bases 630-675 of E. coll 18S rHNA. 

35 114. A nucleic acid hybrid formed between a nucleotide polymer of claim 113 and a nucleic acid 
sequence substantially complementary thereto. 

115. A nucleotide polymer capable of hybridizing to the RNA of the genus Legionella in the region 
corresponding to bases 975-1020 of E. coll 16$ rRNA. 

116. A nucleic acid hybrid formed between a nucleotide polymer of claim 115 and a nucleic acid 
40 sequence substantially complementary thereto. 

117. A nucleotide polymer capable of hybridizing to the RNA of the genus Legionella in the region 
corresponding to bases 350-395 of E. coli 23S rRNA. 

118. A nucleic acid hybrid formed between a nucleotide polymer of claim 117 and a nucleic acid 
sequence substantially complementary thereto. 

45 119. A nucleotide polymer capable of hybridizing to the RNA of the genus Legionellas the region 
corresponding to bases 1585-1620 of E coli 23S rRNA. 

120. A nucleic acid hybrid formed between a nucleotide polymer of claim 119 and a nucleic acid 
sequence substantially complementary thereto. 

121. A nucleotide polymer capable of hybridizing to the RNA of the genus Legionella In the region 
so corresponding to bases 2280-2330 of E. coli 23S rRNA. 

122. A nucleic acid hybrid formed between a nucleotide polymer of claim 121 and a nucleic acid 
sequence substantially complementary thereto. 

123. The probe of claim 31 wherein said non-viral organism is Chlamydia trachomatis. 

124. The probe of claim 123 wherein said oligonucleotide comprises the sequence 
55 CCGACTCGGGGTTGAGCCCATCTTTGACAA. 

125. The probe of claim 123 wherein said oligonucleotide comprises the sequence 
TTACGTCCGACACGGATGGGGTTGAGACCATC. 
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104. The probe of claim 103 wherein said oligonucleotide comprises the sequence TACCCTCTCC- 
CATACTCGAGTCAACCAGTATTATCTGACC. 

105. The probe of claim 103 wherein said oligonucleotide comprises the sequence GGATTTCACGTG- 
TCCCGGCCTACTTGTTCGGGTGCGTAGTTC. 

5 108. The probe of claim 103 wherein said oligonucleotide comprises the sequence CATCTCTG* 
CAAAATTCAGTGTATGTCAAGGGTAGGTAAGG. 

107. The probe of claim 103 wherein said oligonucleotide comprises the sequence GCGGTACGGTTO 
TCTATAAGTTATGGCTAGC. 

108. The probe of claim 103 wherein said oligonucleotide comprises the sequence GTACCGAGGG- 
W TACCTTTGTGCT. 

109. The probe of claim 103 wherein said oligonucleotide comprises the sequence CACTCTTGGTAO 
GATGTCCGAC. 

110. A nucleotide polymer capable of hybridizing to the probes of claims 104 or 105 or 108 or 107 or 
* 1 08 or 1 09 or to the complement thereof. 

is 111. A nucleic acid hybrid formed between an oligonucleotide comprising a member of the group 
consisting of oligonucleotides of the sequences 

TACCCTCTCCCATACTCGAGTCAACCAQTATTATCTGACC. 
GGATTTCACGTGTCCCGGCCTACTTGTTCGGGTGCGTAGTTC, 
CATCTCTGCAAAATTCACTGTATGTCAAGGGTAGGTAAGG. 
20 GCTGTACGGTTCTCT ATAATGTATGGCTAGC, 
GTACCGAGGGTACCTTTGTGCT, and 
CACTCTTGGTACGATGTCCGAC; 
and a nucleic acid sequence substantially complementary thereto. 

112. A nucleotide polymer comprising a member of the group consisting of nucleotide polymers of the 
25 structures 

TACCCTCTCCCATACTCGAGTCAACCAGTATTATCTGACC. 
GGATTTCACGTGTCCCGGCCTACTTGTTCGGGTGCGTAGTTC. 
CATCTCTGCAAAATTCACTGTATGTCAAGGQTAGGTAAGG, 
GCGGTACGGTTCTCTATAAGTTATGGCTAGC. 
jo GTACCGAGGGTACCTTTGTGCT, and 

CACTCTTGGTACGATGTCCGAC; 
and the complements thereto. 

113. A nucleotide polymer capable of hybridizing to the RNA of the genus Legionella in the region 
corresponding to bases 630*675 of E coli 16S rRNA. 

35 114. A nucleic acid hybrid formed between a nucleotide polymer of claim 113 and a nucleic acid 
sequence substantially complementary thereto. 

115. A nucleotide polymer capable of hybridizing to the RNA of the genus Legionella in the region 
corresponding to bases 975-1020 of E coli 16S rRNA. 

116. A nucleic acid hybrid formed between a nucleotide polymer of claim 115 and a nucleic acid 
40 sequence substantially complementary thereto. 

117. A nucleotide polymer capable of hybridizing to the RNA of the genus Legionella in the region 
corresponding to bases 350-395 of E. coli 23S rRNA. 

118. A nucleic acid hybrid formed between a nucleotide polymer of claim 117 and a nucleic acid 
sequence substantially complementary thereto. 

45 119. A nucleotide polymer capable of hybridizing to the RNA of the genus Legionellas the region 
corresponding to bases 1585-1820 of E coli 23 S rRNA. 

120. A nucleic acid hybrid formed between a nucleotide polymer of claim 119 and a nucleic acid 
sequence substantially complementary thereto. 

121. A nucleotide polymer capable of hybridizing to the RNA of the genus Legionella in the region 
so corresponding to bases 2280-2330 of E coli 23S rRNA. 

122. A nucleic acid hybrid formed between a nucleotide polymer of claim 121 and a nucleic acid 
sequence substantially complementary thereto. 

123. The probe of claim 31 wherein said non-viral organism is Chlamydia trachomatis . 

124. The probe of claim 123 wherein said oligonucleotide comprises the sequence 
55 CCGACTCGGGGTTGAGCCCATCTTTGACAA. 

125. The probe of claim 123 wherein said oligonucleotide comprises the sequence 
TTACGTCCGACACGGATGGGGTTGAGACCATC. 
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128. The probe of claim 123 wherein said oligonucleotide comprises the sequence 
CCGCCACTAAACAATCGTCGAAACAATTGCTCCQTTCGA. 

127, The probe of claim 123 wherein said oligonucleotide comprises the sequence 
CGTTACTCGGATGCCCAAATATCGCCACATTCG. 

12a The probe of claim 123 wherein said oligonucleotide comprises the sequence 
CATCCATCTTTCCAGATGTGTTCAACTAGGAGTCCTGATCa 

129. The probe of claim 123 wherein said oligonucleotide comprises the sequence 
GAGGTCGGTCTTTCTCTCCTTTCGTCTACG. 

130. The probe of claim 123 wherein said oligonucleotide comprises the sequence 
CCGTTCTCATCGCTCTACGGACTCTTCCAATCG. 

131. The probe of claim 123 wherein said oligonucleotide comprises the sequence 
CGAAGATTCCCCTTGATCGCGACCTGATCT. 

132. The probe of claim 123 wherein said oligonucleotide comprises the sequence 
CCGGGGCTCCTATCGTTCCATAGTCAGCCTAAAAG. 

133. The probe of claim 123 wherein said oligonucleotide comprises the sequence 
TACCGCGTGTCTTATCGACACACCCGCG. 

.134. A nucleotide polymer capable of hybridizing to the probe of claims 124 or 125 or 126 or 127 or 
128 or 129 or 130 or 131 or 132 or 133 or to the complement thereof. 

135. A nucleic acid hybrid formed between an oligonucleotide comprising a member of the group 
consisting of oligonucleotides of the sequence 

CCGACTCGGGGTTGAGCCCATCTTTGACAA, 

TTACGTCCGACACGGATGGGGTTGAGACCATC, 

CCGCCAOTAAACAATCGTCQAAACAATTGCTCCGTTCGA, 

CGTTACTCGGATGCCCAAATATCGCCACATTCG, 

CATCCATCTTTCCAGATGTGTTCAACTAGGAGTCCTGATCC, 

GAGGTCGGTCTTTCTCTCCTTTCGTCTACG, 

CCGTTCTCATCGCTCTACGGACTCTTCCAATCa 

CGAAGATTCCCCTTGATCGCGACCTGATCT, 

CCGGGGCTCCTATCGTTCCATAGTCACCCTAAAAG, and TACCGCGTGTCTTATC- 
GACACACCCGCG; 
and a nucleic acid sequence substantially complementary thereto. 

136. A nucleotide polymer comprising a member of the group consisting of nucleotide polymers of the 
structures 

CCGACTCGGGGTTGAGCCCATCTTTGACAA. 
TTACGTCCGACACGGATGGGGTTGAGACCATC, 
CCGCCACTAAACAATCGTCGAAACAATTGCTCCGTTCGA, 
CGTTACTCGGATGCCCAAATATCGCCACATTCG, 
CATCCATCTTTCCAGATGTGTTCAACTAGGAGTCCTGATCC. 
GAGGTCGGTCTTTCTCTCCTTTCGTCTACG, 
CCGTTCTCATCGCTCTACGGACTCTTCCAATCG, 
CGAAGATTCCCCTTGATCGCGACCTGATCT, 
CCGGGGCTCCTATCGTTCCATAGTCACCCTAAAAG, and 
TACCGCGTGTCTTATCGACACACCCGCG; 
and the complements thereto. 

137. A nucleotide polymer capable of hybrkfizing to the RNA of the species Chlamydia trachomatis in 
the region corresponding to bases 60-105 of E. coll 16S rRNA. 

138. A nudeic acid hybrid formed between a nucleotide polymer of claim 137 and a nucleic add 
substantially complemen-tary thereto. 

139. A nucleotide polymer capable of hybricfizing to the RNA of the spedes Chlamydia trachomatis in 
the region corresponding to bases 175-210 of E. coli 18S rRNA. 

140. A nudeic acid hybrid formed between a nucleotide polymer of claim 139 and a nudeic add 
substantially complemen-tary thereto. 

141. A nudeotide polymer capable of hybridizing to the RNA of the spedes Chlamydia trachomatis in 
the region corresponding to bases 600-835 of E. coli 16S rRNA. 

142. A nudeic acid hybrid formed between a nucleotide polymer of claim 141 and a nudeic add 
substantially complemen-tary thereto. 

143. A nudeotide polymer capable of hybridizing to the RNA of the species Chlamydia trachomatis in 
the region corresponding to bases 830-870 of B. coli 16$ rRNA. 
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16& A nucleic acid hybrid formed between a nucleotide polymer of claim 167 and a nucleic acid 
sequence complemen-tary thereto. 

I6& A nucleotide polymer capable of hybridizing to the RNA of the genus Campylobacter in the region 
corresponding to bases 705-735 of E. coll 16S rflNA. 
5 170, A nucleic acid hybrid formed between, a nucleotide polymer of claim 169 and a nucleic acid 
substantially complemen-tary thereto. 

171. A nucleotide polymer capable of hybridizing to the RNA of the genus Campylobacter in the region 
corresponding to bases 980-1010 of £. coll 16S rRNA. 

172. A nucleic acid hybrid formed between a nucleotide polymer of claim 171 and a nucleic acid 
to sequence substantially complementary thereto. 

173. The probe of claim 31 wherein said non-virai organisms are the sub-generic group of Streptococci 
known as enterococd. 

174. The probe of claim 173 wherein said oligonucleotide comprises the sequence TGC AGC ACT QAA 
GGG CQQ AAA CCC TCC AAC ACT TA. 

is 175. A nucleotide polymer capable of hybridizing to the probe of claim 174 or to the complement 
thereof. 

176. A nucleic acid hybrid formed between an oligonucleotide comprising the sequence 

TGC AGC ACT GAA GGG CGG AAA CCC TCC AAC ACT TA and a nucleic acid sequence 
substantially complementary* 
20 177. A nucleotide polymer of the structure 

TGC AGC ACT GAA GGG CGG AAA CCC TCC AAC ACT TA and the complement thereto. 

178. A nucleotide polymer capable of hybridizing to the RNA of the sub-generic group Streptococci 
known as enterococd In the region corresponding to bases 825-860 of E coB 16S rRNA. 

179. A nucielc acid hybrid formed between a nucleotide polymer of claim 178 and a nucleic add 
25 sequence substantially complementary thereto. 

180. The probe of claim 31 wherein said non-virai organisms are the subgenerlc grouping known as 
Group I Pseudomonas, 

181. The probe of claim 180 wherein said oligonucleotide comprises the sequence 
CAG ACA AAG TTT CTC GTG CTC CGT CCT ACT CGA TT. 

ao T82. A nucleotide polymer capable of hybridizing to the probe of claim 181 or to the complement 
thereof. 

183. A nucleic add hybrid formed between an oligonudeotide comprising the sequence 
CAG ACA AAG TTT CTC GTG CTC CGT CCT ACT CGA TT 
and a nucleic add substantially complementary thereto. 
33 184. A nucleotide polymer of the structure 

CAG ACA AAG TTT CTC GTG CTC CGT CCT ACT CGA TT 
and the complement thereto. 

185. A nucleotide polymer capabie of hybridizing to the RNA of the sub-generic grouping known as 
group I Pseudomonas in the region corresponding to the bases 365-405 of E. coli 23S rRNA. 
40 186. A nucleic acid hybrid formed between a nucleotide polymer of claim 185 and a nucleic acid 
sequence substantially complementary thereto. 

187. The probe of claim 31 wherein sad non-viral organism Is Enterobacter cloacae . 

188. The probe of claim 187 wherein said oligonucleotide comprises the sequence 
GTG TGT TTT CGT GTA CGG GAC TTT CAC CC. 

46 189. A nucleotide polymer capabie of hybridizing to the probe of claim 188 or to the complement 
thereof. 

190. A nucleic acid hybrid formed between an oligonucleotide comprising a member of the group 
consisting of oligonucleotides of the sequence 

GTG TGT TTT CGT GTA CGG GAC TTT CAC CC 
so and a nucleic add sequence substantially complementary thereto. 

191. A nucleotide polymer of the structure 

GTG TGT TTT CGT GTA CGG GAC TTT CAC CC 
and the complement thereto. 

192. A nucleotide polymer capabie of hybridizing to the RNA of the species Enterobacter cloacae in the 
55 region corresponding to bases 305-340 of E coN 23S rRNA. 

193. A nucleic acid hybrid formed between a nucleotide polymer of claim 192 and a nucleic add 
sequence substantially complementary thereto. 

194. The probe of daim 31 wherein said non-viral organism is Proteus mirabilis. 
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242. The probe of claim 241 wherein said oligonucleotide comprises the sequence 
CCC QAC CQT CCC TAT TAA TCA TTA CQA TGQ. 

243. The probe of claim 24t wherein said oligonucleotide comprise the sequence CCCGACCGTCCC- 
TA7TAATCATTACQATGGTCCT AGAAAC. 

s 244. The probe of claim 241 wherein said oligonucleotide comprises the sequence CCCGACCGTCCC- 
TATTAATCATTACGATGG. 

245. The probe of claim 241 wherein said oligonucleotide comprises the sequence 
CGA CTT GGC ATG AAA ACT ATT CCT TCC TGT GG. 

246. The probe of daim 241 wherein said oligonucleotide comprises the sequence 
10 GOT CTT CAT TCA ATT GTC CAC GTT CAA TTA AGC AAC AAG G, 

247. The probe of claim 241 wherein said oligonucleotide comprises the sequence 
GCT CTG CAT TCA AAG GTC CGC GTT CAA TAA AGA AAC AGG G. 

246. A nucleotide polymer capable of hybridizing to the probe of claims 242 or 243 or 244 or 245 or 
246 or 247 or to the complement thereof. 
re 249. A nucleic acid hybrid formed between an oligonucleotide comprising a member of the group 
consisting of oligonucleotides of the sequence 

CCC GAC CGT CCC TAT TAA TCA TTA CGA TGG, 
CCCGACCGTCCCTATTAATCATTACGATGGTCCTAGAAAC 
CCCGACCGTCCCTATTAATCATTACGATGG 
20 CGA CTT GGC ATG AAA ACT ATT CCT TCC TAT GG, 

GCT CTT CAT TCA ATT GTC CAC GTT CAA TTA AGC AAC AGG G, and 
GCT CTG CAT TCA AAC GTC CGC GTT CAA TAA AGA AAC AGG G; 
and a nucleic acid sequence substantially complementary thereto. 

250. A nucleotide polymer comprising a member of the group consisting of nucleotide polymers of the 
25 structures 

CCC GAC CGT CCC TAT TAA TCA TTA CGA TGG. 
CCCGACCGTCCCTATTAATCATTACGATGGTCCTAGAAAC 
CCCGACCGTCCCTATTAATCATTACGATGG 
CGA CTT GGC ATG AAA ACT ATT CCT TCC TAT GG, 
30 GCT CTT CAT TCA ATT GTC CAC GTT CAA TTA AGC AAC AGG G f and 

GCT CTG CAT TCA AAC GTC CGC GTT CAA TAA AGA AAC AGG G; 
and the complements thereto. 

251. A nucleotide polymer capable of hybridizing to the RNA of the phylogenetic group Fungi in the 
region corresponding to position 845-880 of Saccharomyces cerevisiae 18S rRNA. 

35 252. A nucleic acid hybrid formed between a nucleotide polymer of claim 251 and a nucleic acid 
sequence substantially complementary thereto. 

253. A nucleotide polymer capable of hybridizing to the RNA of the phylogenetic group Fungii n the 
region corresponding to position 1960-2000 of Saccharomyces cerevisiae 28S rRNA. 

254. A nucleic acid hybrid formed between a nucleotide polymer of daim 253 and a nudeic acid 
40 substantially complementary thereto. 

255. A nucleotide polymer capable of hybridizing to the RNA of the phylogenetic group Fungi in the 
region corresponding to position 1225-1270 of Saccharomyces cerevisiae 28S rRNA. 

256. A nudeic acid hybrid formed between a nucleotide polymer of daim 255 and a nudeic acid 
substantially complementary thereto. 

45 257. The probe of claim 31 wherein said non-viral organism is Neisseria gonorrhoeae . 

258. The probe of claim 257 wherein said oligonucleotide comprises the sequence 
CCG CCG'CTA CCC GGT AC. 

259. The probe of claim 257 wherein said oligonucleotide comprises the sequence 
TCA TCG GCC GCC GAT ATT GGC. 

50 260. The probe of claim 257 wherein said oligonucleotide comprises the sequence 
GAG CAT TCC GCA CAT GTC AAA ACC AGG TA. 

261. The probe of daim 257 wherein said oligonucleotide comprises the sequence 
GAG GAT TCC GCA CAT GTC AAA ACC AGG. 

262. The probe of claim 257 wherein said oligonucleotide comprises the sequence 
SS GAG GAT TCC GCA CAT GTC AAA ACC AGG TAA. 

263. The probe of claim 257 wherein said oligonucleotide comprises the sequence 
CCC GCT ACC CGG TAC GTTC. 
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264. The probe of claim 257 wherein said oligonucleotide comprises the sequence 
CCG CTA CCC GGTAC GTTC. 

285. A nucleotide polymer capable of hybridizing to the probe of claims 258 or 258 or 260 or 261 or 
262 or 263 or 264 or to the complement thereof, 
s 266. A nucleic acid hybrid formed between an oligonucleotide comprising a member of the group 
consisting of oligonucleotides of the sequences 
CCGCCGCTACCCGGTAC. 
TCATCGGCCGCCGATATTGGC. 
GAGCATTCCGCACATGTCAAMCCAGGTA, 
io GAGGATTCCGC AC ATGTCAAAACCAGG , 

GAGGATTCCGCACATGTCAAAACCAGGTAA, 
CCCGCTACCCGGTACGTTC, and 
CCGCTACCCGGTACGTTC: 

and a nucleic acid sequence substantially complementary thereto. s 
is 2ST> A nucleotide polymer comprising a member of the group consisting of nucleotide polymers of the 
structures 

CCGCCGCTACCCGGTAC, s - 

TCATCGGCCGCCGATATTGGC. 
GAGCATTCCGCACATGTCAAAACCAGGTA, 
so GAGGATTCCGCACATGTCAAAACCAGG, 

GAGGATTCCGCACATGTCAAAACCAGGTAA, 
CCCGCTACCCGGTACGTTC, and 
CCGCTACCCGGTACGTTC; 
and the complements thereto. 
25 268. A nucleotide polymer capable of hybridizing to the RNA of the species Neisseria gonorrhoeae in 
the region correspon-dlng to bases 125-150 of E coll 16s rRNA. 

269. A nucleic acid hybrid formed between a nucleotide polymer of claim 268 and a nucleic acid 
sequence substantially complementary thereto* 

270- A nucleotide polymer capable of hybridizing to the RNA of the species Neisseria gonorrhoeae in 
so the region correspon-ding to bases 455-485 of E coli 16s rRNA. 

271. A nucleic acid hybrid formed between a nucleotide polymer of claim 270 and a nucleic acid 
sequence substantially complementary thereto. 

272. A nucleotide polymer capable of hybridizing to the RNA of the species Neisseria gonorrhoeae in 
the region correspon-dlng to bases 980-1015 of §. agi 16s rRNA. 

36 273. A nucleic acid hybrid formed between a nucleotide polymer of claim 272 and a nucleic acid 
sequence substantially complementary thereto. 

274. The probe of claim 31 wherein said oligonucleotide is perfectly complementary to said region of 
rRNA. 

275. The probe of claim 31 wherein said oligonucleotide is about 20 nucleotides to about 50 nucleotides 
40 In length. 

276. The probe of daim 31 wherein said oligonucleotide is at least about 95% complementary to a 

region of rRNA. B 

277. A hybridization assay comprising (1) reacting together any rRNA from a sample to be assayed for 
a non-vlral organism or organisms and an oligonucleotide probe of at least about 10 nucleotides in length 

46 which is at least about 75% complementary to a variable region of rRNA selected to be unique to said non- * 
viral organism or organisms. (2) under conditions such that hybridization between the oligonucleotide probe 
and any sufficiently complementary sample rRNA can occur, and (3) observing and/or measuring said 
hybridization. 

278. The assay of claim 277 wherein said hybridization between the oligonucleotide probe and any 
so target sample rRNA is from at least about 10% to about 100%. 

279. The assay of claim 277 wherein said oligonucleotide probe is cDNA. 

280. The assay of daim 277 wherein said conditions include a temperature from about 25°C below Tm 
to about 1 °C below Tm. 

281. The assay of daim 277 which further comprises the parallel assay of a positive homologous 
59 control, or a positive heterologous control, or both. 

282. The assay of daim 277 which further comprises the parallel assay of a negative control. 

283. The assay of daim 277 wherein said conditions Include agents for increased rates of hybridization. 
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323. A nucleic acid hybrid formed between a nucleotide polymer of claim 322 and a nucleic acid 
sequence substantially complementary thereto. 

324. A probe consisting of a nucleotide polymer which is capable of hybridizing to 23S like rRNA of a 
nonviral organism or group of organisms in the region corresponding to bases 1440-1000 of E.Coli 23S 

5 rRNA. 

325. A nucleic acid hybrid formed between a nucleotide polymer of claim 324 and a nucleic acid 
sequence substantially complementary thereto. 

326. A probe consisting of a nucleotide polymer which is capable of hybridizing to 23S like rRNA of a 
nonvirai organism or group of organisms in the region corresponding to bases 1710-1750 of E.Coli 23S 

to rRNA. 

327. A nucleic add hybrid formed between a nucleotide polymer of claim 326 and a nucleic acid 
sequence substantially complementary thereto. 

328. A probe consisting of a nucleotide polymer which is capable of hybridizing to 23S like rRNA of a 
nonviral organism or group of organisms in the region corresponding to bases 2190-2330 of E.Coli 23S 

ts rRNA. 

329. A nucleic add hybrid formed between a nucleotide polymer of claim 328 and a nucleic acid 
sequence substantially complementary thereto. 
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FIG. 6 

Summary of 16S rRNA Analysis 
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LEGEND: SUMMARY of 16S rRNA Analysis (Listing of Bacteria 
and percent similarity included in analysis) 



1. 99«7Z Clostridium botuliaum (.-Clostridium subterminale; 

2. 99. 4% Streptococcus cremoris-Streptococcus lactis; 

3. 99. 1% Lactobacillus lactis-Lactobaclllus delbrueclcil; 

4. 99*OZ Neisseria gonorrhoeae-Neisseria meningitidis; 

5. 99. OX Mycobacterium intracellulars Mycobacterium avium; 

6. 98.4% Mycobacterium avium-Mycobacterium tuberculosis; 

7. 97. 3Z Pseudomonas alcaligenes-Fseudomonas stutzerl; 

8. 95.6Z Chlamydia psittaci-Chlamydia trachomatis; 

9. 95. 5Z Splroplasma citri-Spiroplaama mirum; 

10. 94.0% Clostridium lituseburense-Ciostridium sodellii; 

11. 93.3% Listeria monocytogenes -Brochothrix thermoaphacta; 

12. 73.7% Escherichia coil-Bacteroides fragiils. 
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FIG. 7 

Summary of 23S rRNA Analysis 
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LEGEND : SUMMARY of 2* rRNA Analysis (List lag of Bacteria 
and percent similarity included in analysis) 

1. 98. 6X Neisseria gonorrhoeae-Neisseria meningitidis; 

2. 98.3% Proteus mirabilis-Proteus vulgaris; 

3. 96.8X Mycobacterium intracellulare-Mycobacterium avium; 

4. 96.8X Mycobacterium avium-Mycobacterium asiaticum; 

5. 95. 9X Mycobacterium tuberculosia-Wycobacterium kansasii; 

6. 95. 8X Nicotiana tabacum (tobacco)-Zea mays (maire); 
7* 92. 7Z Proteus vulgarie-Klebsiella rhlnosderooatls; 
8- 91. 4% Bacillus stearothermophilus-Bacillus subtilis; 

9. 91. 4X Mycobacterium intracellulare-Mycobacterium fortuitum; 

10. 91. OX Escherichia coli-Klebeiella rhinos cleromat is; 

11. 86. OX Escherichia coll-Pseudomonas aeruginosa; 

12. 85.8X Chlamydia trachomatis -Chlamydia psittaci; 

13. 73. 9X Escherichia coli-Anacystis nldulans. 
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PIG. 8 

Summary of 23S rRNA Analysis 
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LEGEND : SUMMARY of 23S rRNA Analysis (Listing of Bacteria 
and percent similarity Included in analysis) 



I, 

2, 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 



98. 6% Neisseria gonorrhoeae-Neisseria meningitidis; 

98. 31 Protens mirabi lis -Proteus vulgaris; 

96.8% Mycobacterium intracellulare-Hycobacterium avium; 

96. 8X Mycobacterium avium-Mycobacterium aslaticum; 

95.9* Mycobacterium tuberculosis -"Mycobacterium kansasii; 

95.8% Nicotiana tabacum (tobacco)-Zea mays (maize); 

92.71 Proteus vulgarisHQebsiella rhinos cleromat is; 

91. 4Z Bacillus stearothermophilus-BacilluB subtilifi; 

91. 4X Mycobacterium intracellulare-tiycooacterium tortultum; 

91. OZ Escherichia coll-Klebsiella rbinoscleromatis; 

86. 0Z Escherichia coli-Pseudomonas aeruginosa; 

85,8% Chlamydia trachomatis-Chlamydia psittaci; 

73. 9% Escherichia coli-Anacya tl6 nldulans. 
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PIG. B 

Summary of 23S rRNA Analysis 
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LEGEHD: SUMMARY of 23S rRNA Analysis (Listing of Bacteria 
and percent similarity Included in analysis) 



1, 

2, 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 



98.6% Neisseria gonorrhoeae-Neisseria meningitidis; 

98.3? Proteus mirabi lis -Pro tens vulgaris; 

96.8% Hycobecterium intracellulare-Mycobacterium avium; 

96.81 Mycobacterium avium-Mycobacterium aslaticum; 

95.9X Mycobacterium tuberculosis -Mycobacterium kansasii; 

95.8% Nicotiana tabacura (tobacco)-Zea mays (maize); 

92.7X Proteus vulgaris-Klebsiella rhinos cleromat is; 

91. 4Z Bacillus stearothermophilus-Bacillus subtilit; 

91. AX Mycobacterium intracellulare-tiycobacterium tortuitum; 

91. OX Escherichia coli-Klebaiella rb inos cleromat is ; 

86. OX Escherichia coll-Pseudomonas aeruginosa; 

85.8Z Chlamydia trachomatis -Chlamydia psittaci; 

73. 9X Escherichia coll-Anacystls nidulans. 
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